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1 SEMEETERK

TER(TEFHA) IRERENOETER RN DIERMEZRL, EYDOEFROPT
HIEBICEELGEILEVWZD. EYMDEFRBGATEL, TEREEE (Floral induction,
Flower bud formation), 7& ik &% #2 (Floral evocation), 1t %% E 7 & #2 &k (Floral
morphogenesis)D = EXFEIZ R THEMNTES. COBREIIHARRBEERICE-
TEIY, FICTERFEIZLOEMEOVTHREFHEPEEREVSHREZERIC
FOTHIEESN TLSI LA SN TLNS.

HEYITTERESIZRITEMHICEOTHETHENTES. BRAHHFME LY
RAGBHETERDNFESNLIRBAEY, BEHETERMNFEINDIEBHEY, EK
FECERZVLELITHEEERMEEY, ERFENREERICEZEINLGF
HHEMTHD.

EYHAERIZRET BEBEZETournois (1911, 1912)[Ck->TRREINT-. (T,
7Y (Cannabis sativa)bdyZ (Humulus lupulus)zRWEET, BEEHETET
NN BARADKERT(RAEFH)TE THBEMLYBRIEN RS, SOITEDIEM
FEICIIHAAIYEHOANEETHALITR ML=, ZD#&, Garner&Allard
(1920)HV%E B &£ M 2/ (Nicotiana tabacum var. Maryland Mammoth)&4 4 X
(Glycine max)xRAW=RIZL>T, BREEFUHVNEFZFEZFHI LI EELER
D—DOTHACEEZLVYBARKIZRL, BYUIPBRICRETHACEE AN
(photoperiodism)& 4 417 7=.

55 BHEMTH ST T EIDEERZIE Xanthium pennsylvanicum 1IZHWT, TEREE
FEABDRSIVYEBHADRSINEZTHY, ERFEEAD ORI IITERZEE
T BHIENBASHAIZHoT=(Hamner and Bonner, 1938). 1=, RB#EHOEIR
(Hyoscyamus nigen)|ZE W T, REFMOBEEHAMNTEF K EREZEFLI-(Lang and
Melchers, 1943). ChoDZEMD, EHEMTER BEY THLRHORINTER
FEICLHOTEETHALEEZLN, ZLDEWDOLTHIENDLNT-.

EYMHPBRICKYIERFESNSGCENHLNILELE, RITENEREZTHHE



MEZTHAIMDRETENT=. Garner & Allard (1925)(%, AXEX(Cosmos sp.)&
FAWTHRMNETRZEN TSI EZHZAITRLZ. Knott (1934)[&HRoL Y™
(Spinacia oleracea)DETEND#H#% B RLEL THIEBMNFEESINGWIENDIAE
HEERZITIDIEAETIIHKETHSEETREL=. £=, X. pennsylvanicum
(Hamner and Bonner, 1938)%>7 14 (Chenopodium rubrum) (King, 1972)Z FAL>
1-EEBRT, EEZITNTRYRKRVE, EALEBETOTLIEFEBRLGLD, EH
— M TEHNIETEFIERSINEZENTRESNTULNS. Y (Perilla crispa)lZHLN
TlE, EENEZLEEZDYRY, EFEEDRIECIETEOEBMIRIZIESF A
TEBIENHESNT=(Zeevaart, 1958). TN EMLHEMEEREZLTIVDES
BIEETHIEEZEZONT-.

BR#EZTIHREBITIETHLIN, EFIEZBICBLVTHEBINDS. CDIEMD,
Knott (1934)[XFZFE B RICEOTETHEONE=-MENZEIHICRBL TREFMEES
BLTWAEHAILE. COZEES 14 X (Kuijper and Wiersum, 1936), E< 1)
(Helianthus annuus), <%/ (Chailakhyan, 1936)% & DHEMZE RV -EREER (&>
T/RENT=. Chailakhyan (1937)(&, SO &IITENSETE~BEL TIEREHIfEHF
SYEF—EDBEBYRILELTHAEHEL, COREMEIZTAN ST U (TERTIL
EV)ELSEMEEZ, AV T URT AR TOREBEYICHBTHLHELT-.

Withrow&Withrow (1943)[FZZRIKRIBEL CERETRMYRWLV-EMADEICE
BAEZTo-15E, ZEIRTREFEERNRONGNIENL, EREZFETHIVE
FEFEEBBL TS LERL. £z, BRTEMERLIGEICLIERMNRES
NEDS-CEMNDLEZ-HMALNMEBLENWIEGELRL. DRV T HHA
(Pharbitis niIZHEWT, EBLEBELI-ENCEIA~NDRIIEEYDBREIELTER KR
SEDBERMFARLN, ZDMHEBEFERATRSINT=(King et al., 1968). £i=, P VIZH
WTHREBRDABEREFEMN R 5N 1=(King and Zeevaart, 1973). &5(2, ZRUF7HH
FIZEWT, ERFENEOBRHEELRLEYOBRIEENRIIRLTHSHEHR
&N t=(Takeba and Takimoto, 1966). CHoDZEMD, TERFEYHE (FEFE P
RMEEMERICBBTHEEZONT-. LHL, RAEMTH LY L (Lolium



temulentum)IZEWTIE, EREEVE DG ETDORERE (XRILEYMDBENR
ELIZELG->THY, BMEEMEMILTRELTWSELEZ 5N S(Evans and
Wardlaw, 1964). TEFEMENELEMERICBELTLSIDONESINETHAT
HED, ERFENENGEFZRHTLHLEFBACNTHS.

TERICETAMRIE, EFHREFETOIVEFERRICE-TERIND)Z
BAOMZTHEICERNEIN, TOFENEZERLISIET IEAN KNS
SNTE-. EEEDIIEREHIVEVEREZE5ZSCETREFERRT 510,
TERAEICEFNEHME THS. Hamner&Bonner (1938)(%, EHEMTH D X.
pennsylvanicumDFENEBLI-EMANSERICTERFTEMEZTEBL LS LA
Hf=. Woldk, EARELEENSKPOERBEZAVTHEZITL, TOHEY
ZRFEEPADRICEZ TIERBEEHERASAFEFTRE S GENof=. T
L kXS (Washingtonia robusta)lZ& LN T, #1& THEMM S D HE Y D TE K EE
BEMEARESNS. DOV DRRBO LD KIZE S E Y Estem-flapiiz
AWTEBREYDAAA4FEI(X. canadense)lZ5%25ERBEHETTREELA
SN f=(Bonner and Bonner, 1948). CM/KMH M T HINIBIZKYFENZLIET
L= T, ERFENEFRICTZTELRLDZEZEZ oM T-. Lincolnb(1961)(F,
BRTER DA FEZ(X. strumarium)MdD A%/ —)LIZEKBHHEMES /1) R—ZKZ
LCEFEDA T EIOE@IBMTAHLTREREFETSHLICHIILEZ. 2D
MEFTHLEELFTHEREIh, AREBO—BLENSN-AREICEIESLH, ST
(Mayfield et al., 1963; Lincoln et al., 1964). fiicHiEHM S DHMB M DIERFE
MBEELT, EHRMD XY (Chrysanthemum sp.)h oD AT O— LD Y E (Biswas
et al., 1966), K BHEYMDEIREYILE 7 (Salvia splendens) R UE BHEMID T H
HFEOUNLDITAMAS UHRYE (Kopcewicz, 1971, 1972a, 1972b; Kopcewicz
and Porazinski, 1974)0\#8R&ESh TLVS.



EYH-DMEMERRDS=-OIZHL LN TR TE R (Estem-flap;ix (Bonner and
Bonner, 1948), Em %A (Lincoln et al., 1964), ZEHE&(fi(Biswas et al., 1966), %
J&i# T (Chailakhyan et al., 1989)GEHEYAZFESIAETH-T-. LHL, 1EWYKRE
DELEDERERICAVNDE, RAEEARON, REFUHGEDHMEROMDRE
DEEBRELZTE-HAEGERNFTONIK. ED1=0, IBEYOHMEMEE
BIZCBEZAIENTE, —EICZEDRENRRRLGAEZELTOXIFENANDL
h3BE3(24>1=. Hodson&Hamner (1970)(XBHEEAD A FEIALDTEIVIZEK
AMHEMELAFEIET A XYY (Lemna paucicostata st. 6746)IZ5 % TIEREE
BNWRERART-. TORR, 7AVFIY TRHIERDFEIND, A FEITIEE
BILFEEN A oT=. Fujioka>(1986, 1987)1%, BIERDFA™SE o4 (st. 151&
st.381)ERBMEDARIFHIH(L. gibba st. G3)MoD 7 AAEWITERED
TAIXIY(st. 151)DIEFEFEL, TOERFEMEICOVTARIFIHH
SDEUMEZ=aF U LERQYVE, —aFUTIN, ELTTAIFRI9MS
DEEYMEIF=aFUBTHLIEREL. 288, WFhowmELthbhwdoalyy
UTHHEVIEEIE/ONTULGLY. TAOFIH(st. 441)I2HE T, FRLES
NTAEMARD S DKIMH M T TE R EIFMEMNHY(Takimoto et al., 1989), ZDiE
HYMBEIFBRICRELGHET, /LIER T DBEIERISICE>TEREINDER
& & f=(Takimoto and Kaihara, 1990; Takimoto et al., 1991; Kaihara and
Takimoto, 1991). LML, EFEDT7A VXTI Y DOMEMASLRELCKSMEEMEMN
BoNB=0, COWEFXTAIFIHIENTIERICERIEHEIN LB RIEIZK
SDTERSNDTEAFZEYME TGN EZZONT=.

EATFHEOERFZTEVEOHFAELHRESNTNS. FFBEDTH VXU (st.
441 DKBEYM B R FHEDIERFZEMEMN GO NT-(Takeba et al.,, 1990). =
DEADFHEDOYMEITH FEH #1120 kDaltonD RV BETHY, ZDHEEYT
$H5%20 kDaltonDRUYRTFRNERFEFTHLERBL TS EEZONT:
(Kozaki et al., 1991). R BH#E¥TH S 04 X+ XF(Arabidopsis thaliana)Zz L
Ty, fpa, fve, fca, fe, ft EDLIGLHDIEREBEEEARALZERARNEHEINT:



(Koornneef et al., 1991). ChbM>%, FLOWERING LOCUS T (FTE{EFIZD
WTIXRIESh(Kobayashi et al., 1999), FTAL /B MNIEREZFET H-HIZE
ITETERTHIENGIBAS N T=(Abe et al., 2005; Wigge et al., 2005). 1=, 2 B#E
MTHSHA 3 (0ryza sativa)lZEWWTH, FTOARIZEIFTSA—vBTTHD
Heading date 3a (Hd3a)yE{cFHEIEIN, HAd3aR NI BENENSETANEE
T BHEMNFRESN=(Tamaki et al., 2007; Mathieu et al., 2007). E+#kIZFTH#HE4
D INDE N REREY D LY N (Solanum lycopersicon) (Lifschitz et al., 2006), 5 H
¥ D =7k AR F ¥ (Cucurbita moschata), FHEEH D A3 HKRF+(C.
maxima) (Lin et al., 2007), f2 H{E¥M D =R> 7S 4 (Hayama et al., 2007)%E
THESN TS, LHL, ThHDFTAV /A EOFTHRRZV /NVENGEERH
LTRIBEEBEIL TL\DILE R EMNGIENIEAL, JYRREICEREZREBELT
ZBICERELTWASILAIAT ALENHD.
TERZEMEDEEAEZELTETEBEMBLIY, ARBEICISHMETH
SfzYLi=H, ERFENELETEONEGETRBHLTBE T 570, BEREEE
ML TZDREHBFEEEERARNLEVIHALLENTES-. Cleland (1974)1F, 7
TEXNEYDERERERST-12, TORMBIOEREHI D, COERICIE
BEBRNEENTINDEEA . ZIT, BHIEFOFFEIICRARLTLETUTF
MoEREFEIML-. BRL-ERIERBEYDARIFIH(st. G3)ITHTIER
FEEMHERL, TOEEMEIIHIFILBETHLERIESNT. £z, HUFILEE
DFMIZE>TARIF VY DIEFHFEESIN=(Cleland and Ajami, 1974). LH\L,
FEFEDAFTEIITWRELTVASTI T IEIMLAERICEH Y FILEIEHS
n, H)FIILEIEBLEICE >TOAERSINIYE TIELGLIEERELTLS.
Purse (1984)&5E B RISV OEN SIRILI-E S RIC I TERFEEI N HD
Z&HRLIZ. LWL, EFEDOLVDOENSEBRL-BHERICEHIIEEDERS
BEMAHY, COFEHITEBVECRENGLO TR AN o= 2RV THHFIC
BT ERLEZLE-REDFENSERLGERIIZAROTHAFTOBEEE



TEDTERZEFELT-(Ishioka et al., 1990, 1991). CHOEFRERTDIEHFTEME X
mafEE I, OO DIEZERFEABESHAIZET=(Kondoh et al., 1999).

RAEMICEVWTIERFENEDORBD-OICZLOMENITHOATLES, &
BEMIZEVWTHIERFEMELEASHICLISIETIHAMTTHhhA TS, EBH
HEYTHABHR Y LF (Evans and Wardlaw, 1964)+> L R FF S a(Silene armeria)
(Wellesick, 1966)Tl, ENLEIBEABH T HEMFEPEN TSNS, T, KV
LiF(Evans, 1964), E3X(Lang, 1957), JLERF7(Rudbeckia speciosa) (Nitsch
and Harada, 1958), ;k™L > (Wittwer and Bukovac, 1957), 04X+ X+
(Langridge, 1957)TIESARLY U DARMICK>TIREFNFEINSIENRESO
TW%. ChoDiERNL, RAEYOTRERZEVEIIOAL IO THLHEEZEZALN
=A%, Warm (1980)[ESAR LYV (Z k> THEMKILHMET 2N TEFER TS
DIEFD35ND60%TLAMELNEIRHRELT-. F1=, Rudbeckia bicolorM 3B Y F M5
DOBEMEBERICEITHEFERICIEORLY O NBLELLICRAZFHETOEELN Y
ET#Ho1=(Tanimoto and Harada, 1982). ChoDZemnn, RAEYDIERFE
[FOARLYL DA THELUMDASMDMELIEELTINDEEZ NS,

3 TEREEME

TERFEICEATOMREZEDHTLEIEIC, EFEENFEETHIEICKYTERN
FREENSEN LN TER. COFFEICIDHTEMEEFIFFY LF(Evans,
1960), 4 F 3 (Fragaria ananassa) (Guttridge, 1959), /15> 1 I (Kalanchoe
blossfeldiana) (Hander et al., 1949), **/(King and Zeevaart, 1973), 7+ €=
(Lincoln et al., 1956), =7R> 777 (Imamura, 1961; Ogawa and King, 1979)7%
EDLZLDIEYTHEINTLS.

AFEITHE, EEHDOBEENERCLIDONEREFEZEDOMICEFTEENFET D
EEDHTH1-1-8, FEETERSNI-TERBZEMEDEEZIFFEZHHIH
TEHIELIZKYTERKBBENE S EEZ SN T-(Gibby and Salisbury, 1971).



Zeevaart (¥, Y(King and Zeevaart, 1973) R U#FEZ(Zeevaart et al., 1977)
ZRAVE-ERT, FEENSEE~NORILEMOBEENELIRDTHE, B/
DEENRONEEHREL . Fiz, ZAHROTHAFTICENT, FEFBEICH A A
VN RBTHIRNVDLNTTUENBLTRILEYDBEEZ I TS EER AR
I, HCFEEICWNEBT HEERMNEEFESNI-(Ogawa and King, 1979). &5
(2, 2RV THAFICENT, FEDILED IR TEFEOEBEERDHILITLY,
I FDFBEN-FEILERNBMESNDIEEED DI ZEEDE L ETERME
EDNROBEMENATIN, FFEROEENBL T DR -OTHFEENSEIEA
DRILEMDOEZEEMNEML, BESNATEFHMIEMLI-E|ESNT-(Ogawa
and King, 1990). ChoDIeMn, EFBEICLHERDEETIL FEFBEEDE
JE~NDEMEEYMDHRGENBEZA D LICIYFEENOETEANDRILEYE (T
EENSEHFENEOBRBENFD T A-OTHLLHEBR SN, HEHEREFHRL
FE (7=

LHLEMDS, Papafotiou&éSchwabe (1990)[&AF+EIEHSATHFRANT, EH
BEOAERZHEELCLEMBEEMNRITBOLENIE, £, FEEOXERK
ITERFEICEEN RN LEALNILI. ChoDFERMND, TERDOEEILIE
BRETABSN-IEBEEMEICL>TRISEBoITFERDIITTLNS.

ERIC, EHEEMENEFERETEEIN TSI LETETEHLOMDRE
AHd. FAMDAFIEAVEERTIE, RAFHTOEGCESEEE)CIERAE
MEMNELN, AMAVEBLTHEL, ZLTHREBTHERTSIEN RTINS
(Guttridge, 1959; Vince-Prue and Guttridge, 1973). &=, #KIZKDEERTIER
HEMEDEENKYBPEICRINT. Langb(1977) (X, StE D 2 /30(ver.
Trapezond)&& KIZAWTE B D Nicotiana silvestrisziE, EAEHUTTET
BIETERDIERNELIFIESNEZLERLE. 2OIELL, RAKDN.
silvestrisIXTERPAEMEZERML, ENEFEKRIZETEITLHEZAT-

EFEETRERBAZTMENMELNDEVSTHENROHLNDIZHKL, EREEY
BOHEBARADNDKSIZHoT=. Schwabe (1972)I35EBiEYMTHS HhS>axT

i
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[CENT, REBFHTTETONERNEROEILDOMEYITE A NEZLI-HEY
KIZBWTIEREREZ LIz ELTz. E£fz, Blake (1972)[FEBEHTTET=A
SUATINIA/—)LEMA R BHEY TH S Viscaria candidaDIFEZETAITHLT
EREEMRERTIEERWELE:. COBREMDRETTMEILPryce (1972)I<
&Y, gallic acidThHdERIESNT=. £, gallic acid®DFMIXV. candidaDIERHZE
FAEL-. LML, EHEZEDHREFRTICIIEHTEVEELAVLETHY, h5oa
IDEFEEIZKDTEMBESR (Fgallic acidEBEHDRTIEILL, tOMWELED
HRMBTHAIEHEBILTWNDS. AR THAFITENT, ERBHATTETCON
EFRAEDFENERLU-EGERITTEREFESN-EENSUYES-EIRZE
#UI-18 AT ZEREL=(Ishioka et al., 1990). CHTEAD, COESEDIZIE
EREEMENEENTNSLEEZLNDS. COBRERTOIEKBEYME LIS
BlEh, WO DILEHBFENALSHCINE=AER -REICEE>TULAEN
(Kondoh et al., 1999).

4 FTRUIINDE

FTAU NV BIFREFEDICEVTARNGERIER ST FILTHAAREMELNH DL
Wb TS, FLOWERING LOCUS T (FTi&fEF1%, EBEMS O(XFXF0
BRICKDIERFIHRERIZE LT, CONSTANS (CONEEFD TR TR N
TEBRARERF L TRIE SN i=(Kardailsky et al. 1999, Kobayashi et al. 1999). %
LT, FT22 /30 & E#920 kDaltonD KBSV RV ET, BIEETHRAICERSL
FRRIZ7FONIER/— LT IUEEE X2 /3% & (phosphatidylethanolamine
binding protein, PEBP)Z73)—IZ§3 5.

COBGEFPFTELRFNTOE—S—ESICGUSELRFERMESIE-aVIIE
ZVOAXFXFICBAL, EORBEMUEZBETTH_ET, COERGFELDEED
HEHIRM THAFTEEFIL, EHITEDHERDERE TRIEL TLDHIEMNHIEAL
f=(Takada and Goto, 2003). #%(7 T, AnctHERICEITHCOELTFDRIEHE



FALT=LT, coEBRITENTCORIGFERBMICRITSE THMREZRETLT-.

T5L, GEMFRMICKBESELBEIBRHKRARLRAEEDRKEREREZRL
=h, ETEHEMNICRRSE B EICIEcoEBIFERRBEDEBKRERIFEEZRLL-.
CDIEIE, CORVINIVEDHEENDELENSMEBIIETRTIILKHERTHSH
BHEWSITLEETRELT-. E6(C, EiffFRIGCOBGFDHERICIHEKRERND,
AERIZKUEAMIIZEHONEIEL, COBBFDTROELF, $ToKIFFTE
EFD, BARGESEEHF OBV FILOERICEHL>TVAATEEMNEZ SN D
K312z o1=(An et al., 2004).

FTEEFD TR THEET SR FDELHGIRFE(Abe et al., 2005)EFTHR /Y
BEAVNVERMEERT A FDIEFR(Wigge et al., 2005)sZFhZh
FLOWERING LOCUS D (FD)E{EFICt=EYBV=2ET, FREGFAMEARGE
DR T T ILOERKICEL>TWSEVWSARAMENERAEST-. FDEEREFIE
bZIPREZERFEI—FLTHEY, ZETRARVIRIGMTRIRT 50, HERTIELH
LAV (Abe et al., 2005). R Y27 F+4/\3(Nicotiana benthamiana)® 3= K
RICEIT5—BHFERRZANT, EYMHEBRAICEWNTFDRV /A VEFFTEV /)
BLATHEEAT LI RSN(Abe et al., 2005), SoICEFAEICEKTE
[ZEYAPETALAT (AP1S&EFOFRUITFULLEGF LV =T ADEEF A RE
T HELBLMIZHHT=(Abe et al., 2005; Wigge et al., 2005). FTLEEFIEZCOE
EFERRQY, KEDRBGMTHAOEPIFRMICRIRSEIGHEEICE, coZ R K
CAZERAKDEKRERIRE, ft ; IV _EXEFOEBKRS-EF AT TEREREZ
WS EMTES(An et al,, 2004; Abe et al., 2005). Z5LT, L AARFXFIZHL
TFTAVNBEDNHEET DX -5 EEIEETBETH A ENHLI IR >F-ZEIT&Y,
ENEGHTRELTWAFTEGFNAIOUS VEI—RT S HeEN R EST=.

Corbesiters (&, A4 XFXF(2HNTSUC2TOE—F2—IZKYEFER D HEIRaYF
EMIZFT.GFPREEEFEALERARTRESE, MEELRFDOMRNALGFPH N
DREZHREL=. 35L& MRNARKEESRBBAOFREGRS TIIRETELA-
f=h%, GFPEXITEMMNECHES VO DEMARIOBE) SV TRESGHRUE

10



BN RBBOEIHRETHIENTE .. COREEGRIEYIE, D€ YESHZIE
BICREIGEIC FERGOERBRHICEELTEY, £, BE2 1\ VEDOH#E
(FFERSINGZU =8, FT.GFPRAE A2 /XU B DERSMEM S ZTE D RABEIA~
DEEMNTEREEEL TS EEZEADNTZ. F, Bo(E, BHREFEMICKEIET:
FT.GFPRAG AV /N\VENEAREEZREBL, EHERELSIDZEERLI:. — A,
SUC2TAE—8—THK, V—REDRHHEERDEBIFRMNLGCGASITOE—4
—ZRAVWTRES N\ VEEZRB[SEIGEICE, BT REESNT, Ff-, GFPH
HECASTTAE—F—ICLERMRALL THARMMERICEEF>TULV . ZDT-
&, FIEEFOTREFTIEELS, FTAV N VBZDLONZEES HMABHEET
ESIN DI EITKYTERMEI > TS EfEER DT o T=(Corbesiter et al., 2007).
F1-, Tamakis(2007)125E BEM THEARERNT, 1 RIZBVCFTEEFICH
BT HHI3aEIEFOMRNAZ [FETEH CTIIEFICHRNTEEIELNEERLEE
L+ T BEHEMICHI3a:GFPRI G A /\ VB HRISE T, #illd Corbesiters &
FEHEDEREIRE L. Jaeger&Wigge(2007)(E, > O4 X+XFI2H LT, NXKiH
[25DDMycR T & BFESHI-FTAL /NI & (MycFTA> /U B )&SUC2TAE—42—
[CEUREBRATRESE, SUC2TOE—A—TREIEIGEICIE, EERKRH
DEKRZEIZZY, Myc NLS FTAUNVE T HRBOZOAEEEINSZEERLE-.
CaMV35STOE—42—THEMIEALIRKITMyc NLS FTAV /N BEE RIS E-1BAI(C
[FRREIZGEIEMND, FTAUNRIVEZDLONERMAETHEETHE12LY,
TERDEIHE ERDToNT-.

—7, Mathieus (&, A4 XFXFI2HLT, AImIRNAZZETEE R U B REF
M EMICHKRILLHILICKY, BEBEDFTELRFOMRNAEZFAL S, EFEB
FEMITHDIEISEIZOATERBRIZEENH S LERLIZ(Mathieu et al.,
2007). M LT, #%5(E3DDYELLOW FLUORESCENCE PROTEIN (YFP)Z &t
BEEIFTAV AV BEHBHROICRBS L. COME 4/ HIFTobacco
Etch Virus® 7057 —+(TEVP) DR EMIEZYFPEFTAL RIBEDRIIZHLT
BY, EMERICEWNTIE, TEVPHAEIEL TWSEBRITDH, YFPMWSFTR2 /D

11



BENYIVEESNhD. §5H&, TEVPARERLTWEWNGEICEXBFER EERBHAITE
HoIEMNOTD, EERRMICTEVPZRBESEEMEHTEDLESILICELT
JoNT-F1iEMIL, 35STAE—F—TCREGIV/N\VEBEEHRBEILHELALE
REITE2T=. T8, WoIFEBDHEMMENSDFTEL RO EDEENTEHZE
EITDITHATHAE ERDITT=.

INBIZXLT, Linklk, EREMELT=ROARFYDPI4417268% R Ut/
DARFYZERWNT, BERNOFTAV NV EITHET R4 0EEREBTHIE
[ZRZNLT=(Lin et al., 2007). A& (XXt 05E BHEY), REFIEHHEEYTHY, HI
IBFADFTHIYEEFELD. NI —RTBH2UN\VEIX, TI/BESIHNES
HICELGDT-8, EBREDARIMUEITICRATHIENTRETHS. LT, AR
FrBIEVICFEARBRABT S THY, BERZEDOTVENIA) YLD D. &
SiF, FY, RAFHICEW=ZKRUARFvIC, YOAXFTXF DFTHEGFEHEA
iA AsTZZucchini yellow mosaic virusFBRESHHIET, EFERRTHIERHI R
ZBHIEERLZ. COVANRIFRFIAILADIET, Lot=ARIE OB I E
BN RICEAVINVENTYHEN GO, FTAU /NI E EMOMRNANTEZLY
ELDAIRDHD. VAILRFZEDLELZETEANEIRATEGNIEARMONTEY,
CDEBRTEVAIINADERBMPEEEINGNIEERLZ. 51T, 24IVARFY
ZEK, ZRVARFrEERBICLTEARZITIE RABSFGTERBMNERL, COE
KEYDOERERPICIE, CMAVARFYDFTEV AV ENREHEINT-. Thohs,
BoFHARFYBEMICEWNTFTEUNNOENTON T ELTHEET DL HEMR
ZREHL OL-EROHMRBREZRETDHE FTZVNRNIEZDLDOMNED
HERGEHFMANSERMEICETHEZBL THEINSZEICIYTERAGE
CHEVSHEREEEH T IENTES. LHL, PAAMXFXFTIE, FTRVUNVELE
HEEALTHEET HSFDAV NNV BEDHFHET SETES HEH(Wigge et al., 2005;
Abe et al., 2005)IZEWNT, FTAV /O ELGEZRAEICERE I HZEIETETLVAEL
(Corbesier et al., 2007; Jaeger and Wigge, 2007). € *MHd3a:GFPR&2> /37
BOEBESHEBAKICHITHRE (Tamaki et al., 2007)IEFHESHTUNBH,
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Hd3aZ NV BEDEBICH T EHEELE L L O >TELT, ZEIEARKIZEITS
FTAV N\ VBEDRBIESEDFREELLGHOTUIND.

FTRU NNV BEHERERF M THIRRSN THOETBF TOHIE(CBEL T, GFPRLE
BUNVBERAVWEBRE~NDBITLGRENLDBITICRET 4BICLLE, REZE
ERENL-EHENSEEERADBITO YA XHRER(L67 kDaltonLl £T
HBHETHEEN D SH(Stadler et al., 2005). —h[ZFEDIE, #5920 kDaltonDFTRY
INDBE 47 kDaltonDFT:GFPREE AV N\ VB (IR > TREEREBH
[SEBTHEIEARETHSELNZS. LHL, ZFRUHRFYTlE, EFEARSEH
(BER)THFTRAV AV EFEREIN, ZO20 N\ VBLHERMBBICEVLTLELN
LREINTVSELEO0, BFERTOFTAV A\ VEXFEAREHER)TLMME
HTETLVEL(Lin et al.,, 2007). 1=, kYRZBNT, SFHEGFOBEREEAD
B KlZuniforau ZEADEREZLTL, ERXDBREBARDOEEZLTUIYEEL
=I5 E121E, uf ZERIKFTER LA (Lifschitz et al., 2006). A4 X+ X+ NDCOE
EFEBREIFHEIET =DM EEFEFE(Solanum tuberosum ssp. andigena)D
BEHEMI SO THLRB DI E LI TLVS(Martinez-Garcia et al., 2002). =
NODEERNS, BRAENEVLEEH TICHIEDESFHENSDOAFTIL /N
VEDHEHRAHDITHNTVSATEEEA RSN

ERE NDBENIZEAL TIX, CorbesieroMEAREERTFT:GFPRAE# /U B (T
BOCHEEBDADERNEEREZEBLTHBITLTOAIEAHESATLS
t=8(Corbesier et al., 2007), FTR2 /0B D#HHEA M IZHBHEIEFELLGZVEEZDL
nTW5. LHL, BRERNDAV/VBERBEERICE>TBEAMLHIEHIND
ELNSERELHB(Aoki et al., 2005). Li=MoT, FTAL /SO BHEYLEE T TlE
EEANEAMMEZL O TREBMICEESN S A REMLEETERL.

ZETERNICETAFTAV NN VBEDOBRBICHLTERRBREZEZSHMRILFEZFEoN
TULALY. ZETEIZHENT, L1BEBEMICLEAFY:GFPRIS 22/ VE (74 kDalton)%
RESELBHEIC, L2, IBBFTEMILRICIIBIABRESNT=(Wu et al,
2003). ETENDEMILEIZKEBEIIAP1EED KSR H DL IT/NEIKIZDOH
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BETBFNIECRMEEREE BN AIRLERESEMRRT S22/ VETIK
EUE £L1BR, L2EAOBEITHLLEST-(Wu et al., 2003). —F, k9E
A3YDRAFRAL A I EKNOTTEST (KN1)IE, RFEEER DY 1 XHERIR
REBLILITFAIELICKYBEMENEBEITHIEAERESINT=(Kragler et al.,
2000). EE, kn1OmRNADFKRIGFTIXLIBICRESINDD, 20NV EITETES
AT HEH TEf-(Jackson et al., 1994; Smith et al., 1992). FT22 /XU & LREL
PEBPIRD AV /I BETHY, £EMICIIFTRAU/NVBLEHDO#EEZE-> TS
TERMINAL FLOWER1 (TFL1)%>/ 39 (Bradley et al., 1997; Kobayashi et al.,
1999; Kardailsky et al., 1999)l&, mMRNAD EIRIGFF THHIEIEDLIBREMSE
BN HREBEAEANEBET S5 EHHER SN TLIS(Conti and Bradley, 2007). 2D
BEIIy ZEARTEBREINT, HFERIZEWTETFURU NV EFTEF 5 R
BICITEALGL. ZOZEE, EIBICBITATFLIZU /A EOBENICREL T, B
BRI TEGL, QAGHDRBHLHIEAITHONTNSIEEZTRELTLSD, F
FZBASAMIAE S TLVRLY.

14



51 FCER

Abe, M., Kobayashi, Y., Yamamoto, S., Daimon, Y., Yamaguchi, A., Ikeda, Y.,
Ichinoki, H., Notaguchi, M., Goto, K., Araki, T. (2005) FD, a bZIP protein
mediating signals from the floral pathway integrator FT at the shoot apex.

Science 309: 1052-1056.

An, H., Roussot, C., Suarez-Lopez, P., Corbesier, L., Vincent, C., Pineiro, M.,
Hepworth, S., Mouradov, A., Justine, S., Trnbull, C., Coupland, G. (2004)
CONSTANS acts in the phloem to regulate a systemic signal that induce
photoperiodic flowering of Arabidopsis. Development 131: 3615-3626.

Aoki, K., Suzuki, N., Fujimaki, S., Dohmae, N., Yonekura-Sakakibara, K.,
Fujiwara, T., Hayashi, H., Yamaya, T., Sakakibara, H., (200%5)
Destination-selective long-distance movement of phloem proteins. Plant

Cell 17: 1801-1814.
Biswas, P. K., Paul, K. B., Henderson, J. H. M. (1966) Effect of
Chrysanthemum plant extract on flower initiation in short-day plants.

Physiol. Plant. 19: 875-882.

Blake, J. (1972) A specific bioassay for the inhibition of flowering. Planta
103: 126-128.

Bonner, J., Bonner, D. (1948) None on induction of flowering in Xanthium.

Bot. Gaz. 110: 154-156.

15



Bradley, D., Ratcliffe, O. J., Vincent, C., Carpenter, R., Coen, E. S. (1997)
Inflorescence commitment and architecture in Arabidopsis. Science 275:

80-83.

Chailakhyan, M. Kh. (1936) New facts in support of the hormonal theory of
plant development. C. R. (Dokl.) Acad. Sci. URSS. 13: 79-83.

Chailakhyan, M. Kh. (1937) Concerning the hormonal nature of plant
development processes. C. R. (Dokl.) Acad. Sci. URSS. 16: 227-230.

Chailakhyan, M. Kh., Lonzhnikova, F. S., Krekule, L., Dudko, N., Negretzkt, V.
(1989) Floral and growth responses in Chenopodium rubrum L. to an

extract from flowering Nicotiana tabacum L. Planta 178: 143-146.

Cleland, C. F. (1974) Isolation of flower-inducing and flower-inhibitory factors

from aphid honeydew. Plant Physiol. 54: 899-903.
Cleland, C. F., Ajami, A. (1974) Identification of the flower-inducing factor
isolated from aphid honeydew as being salicylic acid. Plant Physiol. 54:

904-906.

Conti, L., Bradley, D. (2007) TERMINAL FLOWER1 is a mobile signal
controlling Arabidopsis architecture. Plant Cell 19: 767-778.

Corbesier, L., Vincent, C., Jang, S., Fornara, F., Fan, Q., Searle, I., Giakountia,

A., Farrona, S., Gissot, L., Turnbull, C., Coupland, G. (2007) FT protein

16



movement contributes to long-distance signaling in floral induction of

Arabidopsis. Science 316: 1030-1033.

Evans, L. T. (1960) Inflorescence initiation in Lolium temulentum L. 2.
Evidence for inhibitory and promotive photoperiodic process involving

transmissible products. Aust. J. Biol. Sci. 13: 429-440.

Evans, L. T. (1964) Inflorescence initiation in Lolium temulentum L. V. The

role of auxins and gibberellins. Aust. J. Biol. Sci. 17: 10-23.

Evans, L. T., Wardlaw, I. F. (1964) Inflorescence initiation in Lolium
temulentum L. 4. Translocation of the floral stimulus in relation to that of

assimilates. Aust. J. Biol. Sci. 17: 1-9.

Fujioka, S., Sakurai, A., Yamaguchi, |., Murofushi, N., Takahashi, N., Kaihara, S.,
Takimoto, A. (1987) Isolation and identification of L-pipecolic acid and
nicotinamide as flower-inducing substances in Lemna. Plant Cell

Physiol. 28: 995-1003.

Fujioka, S., Yamaguchi, ., Murofushi, N., Takahashi, N., Kaihara, S., Takimoto,
A., Cleland, C.F. (1986) Isolation and identification of nicotinic acid as a

flower-inducing factor in Lemna. Plant Cell Physiol. 27: 103-108.

Garner, W. W, Allard, H. A. (1920) Effects of the relative length of day and

night and other factors of the environment on growth and reproduction in

plants. J. Agr. Res. 18: 553-606.

17



Garner, W. W., Allard, H. A. (1925) Localization of the response in plants to
relative length of day and night. J. Agr. Res. 31: 555-566.

Gibby, D. D., Salisbury, F. B. (1971) Participation of long-day inhibition in

flowering of Xanthium strumarium L. Plant Physiol. 47: 784-789.

Guttridge, C. G. (1959) Further evidence for growth-promoting and
flower-inhibiting hormone in strawberry. Ann. Bot. 23: 612-621.

Hamner, K., Bonner, J. (1938) Photoperiodism in relation to hormones as

factors in floral initiation and development. Bot. Gaz. 100: 388-431.

Hander, R., Westphal, M., Behrens, G. (1949) Hemmung der
Infloreszenbildung durch Langtag bei der Kurstagspflanze Kalanchoé

blossfeldiana. Planta 36: 424-438.

Hayama, R., Agashe, B., Luley, E., King, R., Coupland, G. (2007) A circadian
rhythm set by dusk determines the expression of FT homologs and the
short-day photoperiodic flowering response in Pharbitis. Plant Cell 19:

2988-3000.

Hodson, H. K., Hamner, K. C. (1970) Floral inducing extract from Xanthium.

Science 167: 384-385.
Imamura, S. (1961) The nature of inhibition of flowering by the leaves
illuminated continuously during the inductive dark treatment of other leaves

in short-day. Recent Adv. Bot. 2: 1287-1288.

18



Ishioka, N., Tanimoto, S., Harada, H. (1990) Flower-inducing activity of
phloem exudate in cultured apices from Pharbitis seedlings. Plant Cell

Physiol. 31: 705-709.

Ishioka, N., Tanimoto, S., Harada, H. (1991) Flower-inducing activity of
phloem exudates from Pharbitis cotyledons exposed to various

photoperiods. Plant Cell Physiol. 32: 921-924.

Jackson, D., Veit, B., Hake, S. (1994) Expression of maize KNOTTED1
related homeobox genes in the shoot apical meristem predicts patterns of

morphogenesis in the vegetative shoot. Development 120: 405-413.

Jaeger, K. E., Wigge, P. A. (2007) FT protein acts as a long-range signal in
Arabidopsis. Curr. Biol. 17: 1050-1054.

Kaihara, S., Takimoto, A. (1991) A flower-inducing substance derived from
norepinephrine upon contact with intact Lemna plant. Plant Cell Physiol.

32: 1107-1109.

Kardailsky, I., Shukla, V. K., Ahn, J. H., Dagenais, N., Christensen, S. K.,
Nguyen, J. T., Chory, J., Harrison, M. J., Weigel, D. (1999) Activation
tagging of the floral inducer FT. Science 286: 1962-1965.

King, R. W. (1972) Timing in Chenopodium rubrum of export of the floral
stimulus from the cotyledons and its action at the shoot apex. Can. J. Bot.

50: 697-702.

19



King, R. W., Evans, L. T., Wardlaw, I. F. (1968) Translocation of the floral
stimulus in Pharbitis nil in relation to that of assimilates. Z.

Pflanzenphysiol. 59: 377-388.

King, R. W., Zeevaart, J. A. D. (1973) Floral stimulus movement in Perilla
and flower inhibition caused by noninduced leaves. Plant Physiol. 51:

727-738.

Knott, J. H.  (1934) Effects of localized photoperiod on spinach. Proc. Amer.
Soc. Hort. Sci. 31: 152-154.

Kobayashi, Y., Kaya, H., Goto, K., lwabuchi, M., Araki, T. (1999) A pair of
related genes with antagonistic roles in mediating flowering signals.

Science 286: 1960-1962.

Kondoh, M., Murakami, A., Shigeta, C., Tanimoto, S. (1999) Flower-inducing
and -inhibiting activities of phloem exudate from cotyledons of Pharbitis

seedlings. Plant Growth Regul. 28: 107-116.
Koornneef, M., Hanhart, C. J., van der Veen, J. H. (1991) A genetic and
physiological analysis of late flowering mutants in Arabidopsis thaliana.

Mol. Gen. Genet. 229: 57-66.

Kopcewicz, J. (1971) Estrogens in developing bean (Phaseolus vulgaris)

plants. Phytochemistry 10: 1423-1427.

20



Kopcewicz, J. (1972a) Oestrogens in the long-day plants Hyoscyamus niger
and Salvia splendens grown under inductive and non-inductive light

conditions. New Phytol. 71: 129-134.

Kopcewicz, J. (1972b) Estrogen in the short-day plants Perilla ocimoides and
Chenopodium rubrum grown under inductive and non-inductive light

conditions. Z. Pflanzenphysiol. 67: 373-376.

Kopcewicz, J., Porazinski, Z. (1974) Effects of growth regulators, steroids
and estrogen fraction from sage plants on flowering of a long-day plants,
Salvia splendens, grown under non-inductive light conditions. Biol. Plant.

16: 132-135.

Kozaki, A., Takeba, G., Tanaka, O. (1991) A polypeptide that induces
flowering in Lemna paucicostata at a very low concentration. Plant

Physiol. 95: 1288-1290.
Kuijper, J., Wiersum, L. K. (1936) Occurrence and transport of a substance
causing flowering in the soya bean (Glycine max L.). Proc. Kon. Nederl.

Akad. Wetensch. 39: 1114-1122.

Lang, A. (1957) The effect of gibberellin upon flower formation. Proc. Natl.
Acad. Sci. U.S.A. 43: 709-717.

Lang, A., Melchers, G. (1943) Die photoperiodische Reaktion von
Hyosyamus niger. Planta 33: 653-702.

21



Lang, A., Chailakhyan, M. Kh., Frolova, I. A. (1977) Promotion and inhibition
of flower formation in a day-neutral plant in grafts with a short-day plant and

a long-day plant. Proc. Natl. Acad. Sci. U.S.A. 74: 2412-2416.

Langridge, J. (1957) The aseptic culture of Arabidopsis thaliana (L.) Heynh.
Aust. J. Biol. Sci. 10: 243-252.

Lifschitz, E., Eviatar, T., Rozman, A., Goldshmidt, A., Amsellem, Z., Alvares, J.
P., Esched, Y. (2006) The tomato FT ortholog triggers systemic signals
that regulate growth and flowering and substitute for diverse environmental

stimuli. Proc. Natl. Acad. Sci. U.S.A. 103: 6398-6403.

Lin, M. K., Belanger, H., Lee, Y. J., Varkonyi-Gasic, E., Taoka, K. I., Miura, E.,
Xoconstle-Cazares, B., Gendler, K., Jorgensen, R. A., Phinney, B., Lough,
T. J., Lucas, W. J. (2007) FLOWERING LOCUS T protein may act as
the long-distance florigenic signal in the cucurbits. Plant Cell 19:

1488-1506.

Lincoln, R. G., Cunningham, A., Hamner, K. C. (1964) Evidence for florigenic
acid. Nature 202: 559-561.

Lincoln, R. G., Mayfield, D. L., Cunningham, A. (1961) Preparation of a floral

initiating extract from Xanthium. Science 133: 756.

Lincoln, R. G., Raven, K. A., Hamner, K. C. (1956) Certain factors influencing
expression of the flowering stimulus in Xanthium. Part |. Translocation and

inhibition of the flowering stimulus. Bot. Gaz. 117: 193-206.

22



Martinez-Garcia, J. F., Virgos-Soler, A., Prat, S. (2002) Control of
photoperiod-regulated tuberization in potato by the Arabidopsis
flowering-time gene CONSTANS. Proc. Natl. Acad. Sci. U.S.A. 99:
15211-15216.

Mathieu, J., Warthmann, N., Kuttner, F., Schmid, M. (2007) Export of FT
protein from phloem companion cells is sufficient for floral induction in

Arabidopsis. Curr. Biol. 17: 1055-1060.

Mayfield, D. L., Lincoln, R. G., Hutchins, R. O., Cunningham, A. (1963)
Concentration of a floral-inducing entity from plant extracts. Agr. Food

Chem. 11: 35-38.
Nitsch, J. P., Harada, H. (1958) Production de fleurs en jours courts par
I'alcool furfurylique chez le Rudbeckia speciosa. Bull. Soc. Bot. Fr. 105:

319-322.

Ogawa, Y., King, R. W. (1979) Indirect action of benzyladenine and other
chemicals on flowering of Pharbitis nil Chois. Plant Physiol. 63: 643-649.

Ogawa, Y., King, R. W. (1990) The inhibition of flowering by non-induced
cotyledons of Pharbitis nil. Plant Cell Physiol. 31: 129-135.

Papafotiou, M., Schwabe, W. W. (1990) Studies on the long-day inhibition of
flowering in Xanthium and Kalanchoe. Physiol. Plant. 80: 177-184.

23



Pryce, R. J. (1972) Gallic acid as a natural inhibitor of flowering in Kalanchoe

blossfeldiana. Phytochemistry 11: 1911-1918.

Purse, J. G. (1984) Phloem exudate of Perilla cirspa and its effects of

flowering of P. crispa shoot explants. J. Exp. Bot. 35: 227-238.

Schwabe, W. W. (1972) Flower inhibition in Kalanchoe blossfeldiana.
Bioassay of an endogenous long-day inhibitor and inhibition by (+) abscisic

acid and xanthoxin. Planta 103: 18-23.

Smith, L. G., Greene, B., Veit, B., Hake, S. (1992) A dominant mutation in the
maize homeobox gene, knotted1, causes its ectopic expression in leaf cells

with altered fates. Development 116: 21-30.

Stadler, R., Wright, K. M., Lauterbach, C., Amon, G., Gahrtz, M., Feuerstein, A,
Oparka, K. J., Sauer, N. (2005) Expression of GFP-fusions in
Arabidopsis companion cells reveals non-specific protein trafficking into
sieve elements and identifies a novel post-phloem domain in roots. Plant

J. 41: 319-331.

Takada, S., Goto, K. (2003) TERMINAL FLOWERZ2, an Arabidopsis homolog
of HETEROCHROMATIN PROTEIN1, counteracts the activation of
FLOWERING LOCUS T by CONSTANS in the vascular tissues of leaves to
regulate flowering time. Plant Cell 15: 2856-2865.

Takeba, G., Takimoto, A. (1966) Translocation of the floral stimulus in

Pharbitis nil. Bot. Mag. Tokyo 79: 811-814.

24



Takeba, G., Nakajima, Y., Kozaki, A., Tanaka, O., Kasai, Z. (1990) A
flower-inducing substance of high molecular weight from higher plants.

Plant Physiol. 94: 1677-1681.

Takimoto, A., Kaihara, S. (1990) Production of the water-extractable

flower-inducing substance(s) in Lemna. Plant Cell Physiol. 31: 887-891.

Takimoto, A., Kaihara, S., Hirai, N., Koshimizu, K., Hosoi, Y., Oda, Y.,
Sakakibara, N., Nagakura, A. (1989) Flower-inducing activity of water
extract of Lemna. Plant Cell Physiol. 30: 1017-1021.

Takimoto, A., Kaihara, S., Shinozaki, M., Miura, J. (1991) Involvement of
norepinephrine in the production of flower-inducing substance in the water

extract of Lemna. Plant Cell Physiol. 32: 283-289.

Tamaki, S., Matsuo, S., Wong, H. L., Yokoi, S., Shimamoto, K. (2007) Hd3a

protein is a mobile flowering signal in rice. Science 316: 1033-1036.

Tanimoto, S., Harada, H. (1982) Physiological and hormonal factors
influencing organogenesis in Rudbeckia bicolor explants cultured in vitro.

Plant Cell Physiol. 23: 107-113.

Tournois, J. (1911) Anomalies florales du Houblon japonais et du Chanvre

déterminées par des semis hatifs. C. R. Acad. Sci. Paris 153:

1017-1019.

25



Tournois, J. (1912) Influence de la lumiere sur la floraison du Houblon

Jjaponais et du Chanvre. C. R. Acad. Sci. Paris 155: 297-300.

Vince-Prue, D., Guttridge, C. G. (1973) Floral initiation in strawberry: Spectral
evidence for the regulation of flowering by long-day inhibition. Planta

110: 165-172.

Warm, E. (1980) Die Wirkung von Phytohormonen und von Salicylsaure auf
die Blutbildung und Sprobverlangerung bei der Langtagpflanze
Hyosyamus niger. Z.Pflanzenphysiol. 99: 325-330.

Wellesick, S. J. (1966) The flower forming stimulus in Silene armeria. Z.

Pflanzenphysiol. 55: 1-10.

Wigge, P. A., Kim, M. C., Jaeger, K. E., Busch, W., Schmid, M., Lohmann, J. U.,
Weigel, D. (2005) Integration of spatial and temporal information during

floral induction in Arabidopsis. Science 309: 1056-10509.

Withrow, A. P., Withrow, R. B. (1943) Translocation of the floral stimulus in
Xanthium. Bot. Gaz. 104: 409-416.

Wittwer, S. H., Bukovac, M. J. (1957) Gibberellin effects on temperature and

photoperiodic requirements for flowering of some plants. Science 126:

30-31.

26



Wu, X., Dinneny, J. R., Crawford, K. M., Rhee, Y., Citovsky, V., Zambrysky, P. C.
(2003) Modes of intercellular transcription factor movement in the

Arabidopsis apex. Development 130: 3735-3745.

Zeevaart, J. A. D. (1958) Flower formation as studied by grafting. Meded.
Landbouwhogeschool Wageningen 58: 1-88.

Zeevaart, J. A. D, Brede, J. M., Cetas, C. B. (1977) Translocation patterns in

Xanthium in relation to long day inhibition of flowering. Plant Physiol. 60:

747-753.

27



28



F1E HE

A3 7Y H A (Ipomoea tricolor) st. Heavenly BlueZ##&L T, EHMIELT-
FEISOEERDIERFEFEICOVTIHAR. 16HBHE 1RSSR -EE
DFENCERLU-EGERIEFEFEOREN SV IEEZTEDERZFEL
. ZDEEREEML, P FE1,000LL TOESFES, 7 F=1,000L £
10,000LA F D 4 FES, 5FE10,000L LDOFHFES DIESC5H(F1=EE,
BN FESESS FEDICIITERFZETENHY, P FEDICITTERFETGE
[FEFEHELGEA - ERFESZSLIZHEL, BIDHOERFENE DR IEEH
=, TOYEEFRICRETHY, ELTRULESVERBZEEMEEI pygRERRE
IMLDRE CHE#IHRMLI-EECH/oNnT. BENELAAORBIOTNTST4
—DREENCCOYMEFBELS<EEOMETHY, FEERICKIVIERFET
L3N S10EREEMLT-.
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F28 #

EYMOIERITEERRNCETERRADEBREERL, EXOEZZLTENE
BICBLWTELOHTEELRZTHD. EEEYDICSVTIERFEMEDHFELZH
EMTTBEOITZLDOMENITHONTE . CINODHAEDIFEALITENTIE,
EYHLDMEMAMFELTHLGNTLVS. Hamner&Bonner (1938)1%, %8 H
Y& T&H S Xanthium pennsylvanicum?z 52 BLIEEL, ZDHEMERDENSKRUE
WRETHEZT o= ZOMEYZEFTEDUYRICEZLLTRERFENR
BRI UNREESNGHof-. YN CDHEYMDIERFEFTHEEO TR
HL=DI[EBonner&Bonner THS. MnlET b (Washingtonia robusta)
DIEFLLD KM E Y EstemflapZZFAWVWTEBWEYMO A AT FEI(X
canadense)lZ5ZHZELICKYRBEH T TREFIERINSGZLERELL:
(Bonner and Bonner, 1948). CD/KimHE YL EANIE LY EENZELIETLEZD
T, EHFZEMELRICTLTETHSHEEZONT-. Lincolns(1961)(F, FATEFD
AFEI(X. strumarium)MoD AR/ —)LIEHMES /) R—AMILTEFEDH
TEIDREICEM T HAETIREREFEIDHLICHYLE. COVERHLEE
FTRHUIh, BREBEO—BEHBEINE=DREIZIEIESHE M1 (Mayfield et al.,
1963; Lincoln et al., 1964). Hodson&Hamner (1970)IXBATEEAD A FEIHASD T
trUMEMELFEIETA DX I (Lemna paucicostata st. 6746)I2525Z&
TT7AIDX VY TIRIEREFET S EICHRILEAT FESTIHERIEFESNA
1= Fujioka>(1986, 1987)IZ4E BHED 74 F 24 (st. 151, st.381)EERHED
ARDF Y (L. gibba st. GI)DT7 L MEMMN SIERFEME D BHEE - FREA
Hl=. H\olE, ARIFoUMSE=aF U, L-EXRIYVEE, —aF 273K, ZLT
TAIDXRIH NI aAFUBRICTEREFET ORI HLEHEL:. TDR, 7
ArE 54 (st.381, std41, st.6746)RUARYFIHIZH I BL-ERIYEEDTE
B E R A GIBAS N 1=(Fujioka and Sakurai, 1992). &f=, US> OFREMMN T A
FOH(st151)DEREFEL, ZDVOUEL-EXRI)UBEICERT HIETERT
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BT EPSRENT=(Fujioka and Sakurai, 1997). LAL, WFhOMEHL D Z 70
V7o THHENIFHLTFEONTLVRL.

NODIEMBFEMEDEMAEZEL TEITHEBEMR LY EIAEIZ X5
HTHoYLEA, ERFENEFETHEONGEZREHLTRH T HIEAHL
nTL%(Bernier et al.,, 1981)f=8, EFE REFEBML TETDIERFETHEZRAND
HABLEINT-. Purse (1984)IL5E BB LT=> Y (Perilla crispa)DIEMNSIRIRLT=
BhE RICITTERFEFTENHEHLERLZ. LHL, EFEOLVDOEIMSEERL
EEERICHLEEAHY, COEMEILEBLEICHENLGLD TIE AN 1. Hatori
5(1990) (%5 H LB L1=%E B =D 2/ \a(Nicotiana tabacum st. MC)MSERELT=
BHREIE, FNIOEZEOREBBADOMET HEFHEBMIELEHELT
W5, LAL, COBHRBRMNEREFZTET DN DONTITREFLTLVALY.

Harada (1967)(&in vitrotEE(FRERELTETHLERTHDHELTLNS. in vitro
EEZAVERERE, BEYICKYHEMENBESAGL, EDEOMRDOSFE
MoDEENGE, —EDRIETHEETELILHEDIRANHS. FICEITRITEY R
IWEVERMTHLIER T DIENTRTHY, ERFEVEDEARTHAHDT, &
ERELTRVEMTHSERHONS. Ishiokan(1990, 1991)(F5E BALEBEL ==K
VT Y H A (Pharbitis nil) st. VioletDEEDFEMNSERBMLI-EGFERDIERFZEE
HERLC=R 787t st. VioletDETRERZRERELTANSILTHNE. £
DFER, EHLEBL-FENMRBRL-EAERIIFFEEDENCEONEEE
BEDRERZFEL-. COEERTOIERFZEVE MBI BESH, E5FTEM
HE<KEEME DY E TH-oT-(Kondoh et al., 1999).

BRICEDIERFED D FEMEMMREILS O XF X F(Arabidopsis thaliana)
[CHEWNTELEHESTh TLYS (Searle and Coupland, 2004; Corbesier and
Coupland, 2005; Imaizumi and Kay, 2006). {EfIZB5 T HEEFELTIAM R
+ZXF+IZBULTFLOWERING LOCUS T (FT)i&fzFHRIE SN (Kobayashi et al.,
1999), COFTAVINVBIITEREFET H-OICETRTERT S EMNEEASN T
(Abe et al., 2005; Wigge et al., 2005). 1=, & BHE¥M TH A R (Oryza sativa)l
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BT, FTEGEFDARIZEITDA—yN0Y THAHHeading date 3a (Hd3a)EIEF
MNEIFESN, HI3aZ U NIV ENENLETAANBEI T HIEMNFHESNT=(Tamaki et
al., 2007; Mathieu et al., 2007). R#HFTARAL RSB MO
(Solanum lycopersicon) (Lifschitz et al., 2006), E B W D =~k hRF ¥
(Cucurbita moschata), HEYID A3 AR F+(C. maxima) (Lin et al., 2007),
EREYMDO =R 7Y HAst. Violet (Hayama et al., 20072 E THESN TULVAS.
INSDFTAVIRVBELUVFTHRAV NV EXETEONEEEE>TEEITE
[EhdEEZLNS. YAMXFXFTDERERICEWNT, FTAUNRVENTERFE
LI-BENCEFREDERICBELT, ERODEBIZEVWTIEREZFET SN
SEBAEN THY(Notaguchi et al., 2008), FTAVN\IEBEIEGEERALTEIE~TE
B9 A EIEBALATHS. £, FTHRZV A VENEGHELZERLTCEE~BET
BEERET BHELDHEHEH S (Corbesier et al., 2007; Tamaki et al., 2007; Lin
et al., 2007; Hayama et al., 2007). LOLEASNT BN TH>TE
BRI EZFEON TULVAELY.

=R THHAst. VioletlIZEWT, EHUEBLI-EENSEIMLZEERICIETE
BREEEEMENH D EILEEBAESN TULVS(Ishioka et al., 1990; Ishioka et al., 1991;
Kondoh et al., 1999). =k> 745 H 7 st. Violeth HIEER L F-EF & A\ DB &
WTIERFEMRNH I ZRARS=, MANELI-=R 7Y HAst. Violetd
FEINCIERLEEREEDELGL (VT YA st. Heavenly BluelZ5Z T
TERFENENTANONT-. TOFER, =R T7HH7st. Violeth oRERLI-EFE
RIETEAIDTHHAst. Heavenly BlueDIEF MR EFEL, -, BHRIZEBL
BLI=t 4397 Y H7st. Heavenly BlueDFEMNSEMLI-GE&REET-=HR7
HHAst. VioletDIEFHREFZELI-(BH, 2012). ChoD#FERMN D, EHNEL
EFENERLEGERPICIIELZEATIERSZELSISECITMENEENT
WaEHRlEht-. ZDEGERPOIEMFZENEXES FHETHLH, gk
DEDFYEOERFTETEEIARSATOGL. LLAERBICESFELS
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DFEDTERFEMENFELTWSESIE, MMEROHEBILTERLAN=XLD
BRRICEVLWTENOHTEETHS.

AETIH16BEDOBHEIEEZ 5 LICKVTEREFELI-E/IAV T HHFst.
Heavenly BlueDFEMNSIEILI-EFERTDED FERFEYME D HEZFITLY,
ZTOEEEER -
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F3E MMETE

1 HEYIM R

MHEELTEBIEYMTHD IV 7Y H A (Ipomoea tricolor) st. Heavenly Blue
ALV BRI 1TEH (Kyoto, Japan)h o BEALT-.

2 #®EHi%(Fig. 1-1)

A3 7Y HAst. Heavenly BlueDERIEBFRERICAVL:. BEFXZERE
(2455, BFRIEHLEASREL, TORMKTHEL-. TORBTEREERR
BT RO LBR(EMEREE1%)T20H0HBREL, TORBEKTESELZ. R
& % D FEF#Murashige& Skoog M i #h(Murashige and Skoog, 1962; LAEMSHE
HhL0F 5) (3% 3%, 0.3% Gelrite (Merck, USA)E &L F=Efs (- ME 1=
{BIEL, 25 + 2°C, 16B5RABAZA(100 pmol m? s') SEERAMEEAMDIEEE T HRIE
BL-. BEDHOOEBFZTAODEENGIREL . REL-ZETAXS5 %3,
0.3% GelriteZHRMLT=10 mLOMSIEHIZERL -, ZIEEEIIL, 25 + 2°C, 168F
FBAZA(100 pmol m? s) SEFFEIEEHIDIEBEETITL), HBELAMEKICEREIOH
EL/MEMADIETEZEHAIL, THIERAELLTRL . ERF1BRERICDOE13
AL LEDEEETHTL, SERYIRL-. £2TOERT—FIXLSDEEZFHIVT
ANOVAIZ Y HTL, TukeyDIREIZ LY HLESLT=.

34



4SS
. _q>%T¥_*,@$@__>_ﬁ 4w
¢ 71 :
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Cultivation Culture &,
(LD, 6 days) (LD) ™

Fig. 1-1  Schematic diagram of apex culture.

Seeds of Ipomoea tricolor st. Heavenly Blue were sterilized with a solution of
NaOCI, and then sown on MS medium supplemented 3% sucrose and 0.3%
Gelrite.  They were placed in an incubation room at 25 + 2°C under 16 h
photoperiod (100 umol m? s™) for 6 days.  Each apex was excised and cultured
on 10 mL of MS medium with 5% sucrose, 0.3% Gelrite and PE or fraction of PE.
Apex cultures were maintained under 16 h photoperiod (100 umol m? s™) at a
constant temperature 25 + 2°C. The developed plantlets were examined for
floral bud formation after 4 weeks, and the flowering response was expressed as

the percentage of plantlets with a terminal flower.

3 ERE RDOERENAE(Fig. 1-2)

35



BFERMERCISSBNEL-ER, RAKTKELE:. TOEFEN—ZIF251/F
[Z#BFEL, 25 + 2°C, 16BERIBAHA(100 umol m? s™') SEFRAEHID IEE = T6 HiE
HIBEL, TDE, 1ED16EMEEHZ 5 A, BHR TERFEZVIVEST-. Z<NDIE
MIZHENT, EOENSEEREZERT IO ERETHD. FNIE, TIEIZE>TE
WROEFFLIZHAA—R LAV NIBEEOYEINTELTEHERDBEIHIFonbT-
BIEEEZ BN TNV, KingkZeevaart (1974)[EEDTAD 5% L— LI A E
MUMEOHADOEVENC=OICENTHHERELTVS. COHXERVT
EhE RZEREmL-. YIYERS-FEDEMRELEZ20 mM EDTARRIZ1EREIREL,
ABKTHERR, SOICORFMABKIZRELEL. COEBKIZITEERIENYTH
CEMUIEESMNLDBHABLEFENTLSEROLNDD, TERD LEHERERT
HHEALL, EAGERELTRSIZLELE.

Cultivation 16 h dark 20 mM EDTA, DW, 6 h
(LD) Induction 1h Phloem Exudate
(SD-PE)

Fig. 1-2 Schematic diagram of phloem exudate collection.

Seeds of I. tricolor st. Heavenly Blue were sown on wet vermiculite, cultivated
under 16 h photoperiod (100 umol m? s™) at a constant temperature 25 + 2°C for 6
days, and then the seedlings were exposed to a single 16 h dark period.  For
collection of phloem exudate, cotyledons were excised from the seedlings and
placed into vials containing 20 mM EDTA.  After incubation with EDTA solution
for 1 h, the cotyledons were transferred to distilled water and incubated for 6 h.

The exudate is referred to as phloem exudate.
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4 REDQIERRIGICRIZTRHADOZE

BN RIFTIERRGADEELEFARS1=0(2, 168RBIZA(100 ymol m? s™)
SHFRHIFE AN RAEH T TSHMB T-EAIZO, 8, 10, 12, 14, 16BEDIEEAZE
1EI5AT, TOR1BEETE. ThThOEENSETFEVIYERYS5% S a%E,
0.3% Gelritez#MML1=10 mLOMSIE#IZERLz. TNoIE5IEHERAELT
THEEL, 48f%&, BEEZERLIEMEDEEZHRT-.

5 EHEERDBHICES5H

EHEEREREEIZL, REE10 mMLORBKIZARELE:. ChE, RS FE
1,000 & #7 & (Spectra/Por 7 MWCO 1,000; Spectrum Laboratories, Houston,
USA)ZRLY, 1 LOZEBKICHLTI2ERACTEMRLT, BMRREENTINERIZH
(T1=. ERRRITERIIRICE>TRMEL, R FE10,0000EHTHE(Spectra/Por
7 MWCO 10,000; Spectrum Laboratories, Houston, USA)ZFLY, 1 LOZERBEKIZ
XLT12RE4 CTHENLT, ENRREENNRIZH T TXTOERTRAKE
BN BRODE D ILRBEIEL, REOEECEBRZBEE)TAER, VEDEEKT
BEL. LLEDBEMRICKY, 2FE1,000LL FTDIES FES, 5F£1,000-10,000
DHFS3FES, 7FE10,000LL LOEDFETIZHELT-. 30 ugREFZIEE/mLD
HMEBEEREGON-BEDZAVWTIEMBEELZHRAN, BN FESEZTDED
EERICAL:.

6 EAEEBRDIEMZEFEICHTIRANEDZE
ERFEETEORALTENERANLOIC, EHGERDES FESZE70°CES:

[Z100°CT15MEL, TAIILE—RE R, A—FIL—TRELEMIZHRMLT.
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351‘:, 1&ﬁ\%@ﬁ\§i%i'm(:}7§j]ﬂbf:f£7 j’—h@b_jijﬁ%?é:&(:;u121001 15
SOBIMBLLT:. CRODIEMBEELERAT -

7 EHEERDBESRICLSDE

HHEBEREDFEDHRICEITIERFENEDBHEZARL-OIZ, ESF
B2 Z7O0RILLEEFBRIFILERAWN B ESEICL>THEETo>-. B FE
DEGHTEDIEEE TpH SITFABLI-&R, FEO/OORILLZRMLTIRHL,
SRA—rERANTKEE/OORIVLRIZABEL-. ZOKMBIZEY700KR/ILLA
ZamL, SoC2ERERICHELT, KEES/OORILLEER . RIZFonT=K
HEGHTEDKEEIEH D LTIEEME(PH 12)IcL=%, BUZEN/O0FRILLT
SEISELT, KMB(EHD1)E/00KRILLARE(ES2) 7 EL-. #O/00FRIL
LoERTHRLONE=/00AKRILLEIEE%REKRFFIDLKBER(PH 9)ZMA T3
EHEL, KBE/OQRILLMEICH T I5(2, KBZIEE TEEM(pH 3)ITL1:
%, 00KV LTIESELTKE(ESI)E/O0RILLEES4)IZH T £5
—A0OoOOR)LLARIKKERIED) D LATEREMSE(PEH 12)ICL=%., RkEEKZFTHY
L TIESEL, KHBESOORILLIE(ESE)IZ5 T, /KABIXIEEE TEE(PH 3)
[CLf=%&, 00KV LTKIE(ES6)EAARIVLE(ES7)25 T CD&IIC
LTooaRILLZERWBESEICK>TE7TE R E5 -

200RILLATORERICEYFoN-TERFEEENHIE S (B 1)FSoIZE
BIFILEAVBEIRICE S TRILKIICHEL, §H7E D (E58~14) &5 -.
BRSO, 700/RILLES RUOFFBEIFIILES [ET/ARL—2—(CKYRIE-
BEILT, A2/—)VITARRL, KHBILREL:. BESEICL > THREMICFEL N
ITRTCOEDTRBEREL, RELZBFEEZRHEL. ZLT, ThETNOESDTE
BEEEERMEAR . BREIZCAW AR/ —LIZE>TIERNFEIN L EEHH

of=.
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8 FMAMERDA4 U RIBBIEICLDHDE

BENERICEDIDEITIEERZEEENH B (E58) A4 B AEIZ XY
SELT-. £, FEIERZIELIZE528%10 mM Tris-Hcl#E & & (pH 8.0)IZiEfiEL, 2
A A A HBAEHS L(DEAE Sephacel™, 1.5 x 14 ¢cm, 25 mL bed volume; GE
Healthcare Bio-Science AB, Uppsala, Sweden)IZIkESH, RCEE®KERAL V-
kg %EFlow throughE 5 &LT-. |FELIZESE1 MONaClzZET RILEERIC
FYUBHL, 5 mLY D&Y, BN 1~8%1G-. B-ESZENTEMITHRMLT
TERFEEEERT-.

PEA 7> BRIk E LiE A > E 5 (Flow throughEl53) (& T/\;RL—42—TiE
fatk, HEEEZIEL, 10 mM YU EEEER(PH 6.0)[SBRL, BAA4 U XIBBENS
Ls(CM Cellulose, 1.5 x 14 cm, 25 mL bed volume; Whatman, Kent, UK)IZIRF S
t, FICEEZRERALE#KZEFlow throughE7r&ELT-. RELIZES(E1T MO
NaClZ SO RICEERICKYAHL, 5 mLEO2EHLN, B 1~10%7F-. &=
B DIERFZEFEEFT=. 10 mM Tris-Hcl#EE &, 10 mM VU BEEERRD
BHICAWE=NaCIZ &> TIERAF RSN D AT,

9 FEHEE®RDSep-Pak C18 cartridgelZ&k A5 H

A4 RBBIEICLD DB TEED/{ONT-ES (B4 ~6)ZSep-Pak C18
cartridge (Waters, MA, USA)ICKY R EILT-z. B4 4~6%FT/\\RL—2—(IZ&KYiH
[E-82EIL, 0.1%DEEEE L 25 B KIZAARE, Sep-Pak C18 cartridgelZi#nmL,
0.1%DEFEEZ &0, 10, 20, 25, 30, 50, 75, 100%MD A% /—)L100 MLTIERE
HLz. T RTOERIET/NKRL—2—ICKYBE-FZEL, ZBKIZARER, TEK
FEFUEAN
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10 EEHERERDIERFEEIEEREDHEE

INFETOREEEICIVBON-ESORREELHRZETH-0IC, EHGE
BORELEHRZFEZEORBEICOVWTHAN. ILHDOBHTHLONIZBHHMN
RIES FiE 5 )ESep-Pak C18 cartridgel 2k A0 E TiEEN B SN 1-20%E25% *
2/—I)LiAHEI7S%0, 0.3, 1, 3, 10, 30, 100, 300 pugEfEEZIEE/mLIEHIZARML
TIEREEEEERT-

40



1 REDIERRIGICE THEHADEE

BRI T HIERRISZERARNS =D, RRAGEBRAZEZA-RENERZYTY
BY, REBEHTTEELEL. TOFEEFig. 1-3), BHILE108FEFE TILTERILEE
BINY, 12BN S4B OB HLETEBERRIEARoNT-. 166H D
FEEALIE(CHE N TH70% D &S W IRTEM R EEZRLE.

2 EHEBERDENIZEDHE

A EREHRDFE,000DBMIRTEMNL, TOENRNREREIZIETIE
fatk, HERRFE10,000DFEMETHEEMLIz. /onf=7FE1,000LL T DIES
FE 5, 57F&1,000-10,0000 F 5 FES, 57FE10,000L LDEH FES D3
BEDDIERFEEREZAN. BN FESESD FED TIIIERFEFENRD
phf=h, hFESICTERFEEEEFELGAo1=(Fig. 1-4).

3 EREERESFESOERFEFTEICE TL2LEOZE
BESERESFEDICETIEAFEEEORZTEREZRARDLOIC, B
FEDERARIEETEROIELT:. Fig. 1-5I1TRLAELSIC, BUBIZKS>TESF

B DIERGZEFEICERITEL, A—rL—TIZ&DHMNIE(121°C, 1557) 12X
STHEHEITFAD LG T,
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Fig. 1-3  Effect of dark period on flowering response of cultured apices from

Ipomoea tricolor seedlings.

The seedlings were cultivated for 5 days under a 16 h light/8 h dark (LD)
condition, then exposed to various dark periods and then cultivated for 1 day.
The apices for bioassay were excised from these seedlings. They were
subsequently cultured under the LD condition.  After 4-week culture, the
percentage of plantlets with a terminal flower was observed. @ Means + SE, n =

13.

42



e
o

(2]
o
T

Plantlets with a terminal flower (%)
H
o

20
b
T c
0
Control Crude L M H
Fraction

Fig. 1-4  Flower-inducing activities of fractions separated by dialysis.

The phloem exudate was prepared from short day-treated cotyledons (SD-PE).
Using 30 yg FDW mL™" of the crude SD-PE and low (L), middle (M) and high (H)
molecular weight fraction, flower-inducing activity was examined. Culture
medium without SD-PE or fraction separated from SD-PE was used as a control.
FDW means freeze-dry weight. Means + SE, n = 13. The same letters

represent no significant difference at P<0.05 level.
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Heat treatment

Fig. 1-5 Effect of heat treatment on the flower-inducing activity of phloem

exudate (SD-PE).
The phloem exudate was prepared from short day-treated cotyledons (SD-PE).
The diffusate fraction from the first dialysis of the SD-PE was heated at 70°C (B),

100°C (C) or 121°C (autoclaving) (D).  A; No heat treatment. =~ Means + SE, n =

13. The same letters represent no significant difference at P<0.05 level.

4 SEHEERIES FESDBESRICESDE

RAGERED FESEI/OOFRILLAEHBRIFILTODERICE>THEL, TEK
BEEEEHAN. ERFESZI/00FRILLTHERL BonED1~7DIER
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FEEMTRT-. TDEEER(Fig. 1-6), KHEE D THHE S 1 TERFEFIETH
LT

oa0FRIVLDBRIZE S THEoN-BES 1 ZHBEIFILTHELEONZE S8~
14DERFEEFEN R ont=. ZDHER(Fig. 1-7), TERFEEIETKBE ST
HHEDBIZHIELT-.

e 80 .
o
3
L)
“ 60
©
£
£
(]
p 40
< b b
; b T T
2 - bc L
k- 20 T be
c T c
L c T
o |_'l'_I
0

D T T T T T

Fraction

Fig. 1-6  Flower-inducing activities of fractions separated by CHCI3 participation.

The diffusate fraction (dialyzed with a dialysis membrane MWCO 1,000) was

fractionated by CHCI; participation. Means £ SE, n = 13. The same letters

represent no significant difference at P<0.05 level.
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Fig. 1-7  Flower-inducing activities of fractions separated by ethyl acetate

participation.

The active phase for CHCI3 participation (Fraction 1) was fractionated by ethyl

acetate participation. Means = SE, n = 13. The same letters represent no

significant difference at P<0.05 level.

5 EHEERESFESDA4 L REBIEIZXS0E

BESECTHONED8EA(A U RIMEIEICL > THEL. T, BAF X

#ut 5 (DEAE Sephacel)l2&>THEL, EMFEEMLZRAT-. TDHEE(Fig.
1-8), TEREFE B IIIEA A4 BB (TR E LA E S (Flow throughB 5)IZ/E
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ELz. RICEAF O RBBBICKS D ETEEMNHof-Flow throughlE 7% 51
A 3 HAS(CM Cellulose)lZ&>THELT:. TOHRER(Fig. 1-9), TR FEEMN
(XBAARBBENMNDAHERICEEL, RVEVVEEITIER4~6THLN
1-.

__ 80
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© Fraction

Fig. 1-8  Flower-inducing activities of fractions separated by anion exchange
column.
The fraction with flower-inducing activity after solvent participation (Fraction 8)

was applied to anion exchange column. Means + SE, n = 13. The same

letters represent no significant difference at P<0.05 level.
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© Fraction

Plantlets with a terminal flower (%)

Fig. 1-9  Flower-inducing activities of fractions separated by cation exchange

column.

The fraction with flower-inducing activity after anion exchange chromatography
(Flow through fraction) was applied to cation exchange column.  Means + SE, n

=13. The same letters represent no significant difference at P<0.05 level.
6 % BEERIED FE S DSep-Pak C18 cartridgel =& 55 B

BGA7A 2 R HBAE(CM Cellulose)Z& bR BEITERZETENH =B (B D4
~6)% Sep-Pak C18 cartridge [Zi&80L, 0, 10, 20, 25, 30, 50, 75, 100% M A2/

—ILTIERBH L. Fig. 1-10 [TRT KIIZ, 20%& 25% A3 /— )L THEHL-E S
TRLEWERZEEENRoNT:.
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Fig. 1-10  Flower-inducing activities of fractions separated by Sep-Pak C18.

The fractions with flower-inducing activities after cation exchange chromatography
(Fraction 4 to 6) were applied to Sep-Pak C18 cartridge. @ Means £ SE, n = 13.

The same letters represent no significant difference at P<0.05 level.
7 EHEBERES FES OERFZEELEREDHEE

NFETOEAGERES FELSOBIBEEDIER, TEHFEFENE DL
EMLE-ERET L7012, [FLODEMTHRON-EMNERE S (EHFED)E
EERERDESFEREZDSep-Pak C18 cartridgelZ& 2D ED EEE S5 (20%&
25% 23/ — LB HE ) EFig. 1-11ISRULE=ESEEE THEISHRML, EAFE
EHERELOHEBZRAN. BERFESZ10 uyghn100 pgREEEZEE/mLIEH
[SARMULIZEEEFAFEESN, 30 g RIEEIRE/MLAMLI-FFICRLESOESFR

A\
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REE o1, -, BoRBRL-EREERIZERIC3 pygbLLE10 g GRS
IMLAMLIzEERLEVERFEFTELRON, B FERF30 ugRitizRE
mLAEMLI=¢ELRICEEDEMETHT-.

100

S [=2] (o]
o o o
T T T

Plantlets with a terminal flower (%)
N
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0 ) II.
0 03 1 3 10 30 100 300

Concentration (ug FDW mL1)

Fig. 1-11  Correlation between flower-inducing activity and concentration of

phloem exudate.
Various concentrations of the diffusate fraction (o) and final 20 and 25%

MeOH-eluted fractions from Sep-Pak C18 cartridge (e) were also added to

assay medium. FDW means freeze-dry weight. Means + SE, n = 13.
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BHAEYCAEVTE, EERBERZT-FERVETERZEEMENERIN,
EREZEBLTEIRICBEL, €FE2FEIT HEEZOoN T S(Imamura, 1967).
=R T YA st. VioletlTEWT, EHREBL-EEDFENSEML-BHERE
ZRBEDERICHMT HETERTRFET S EAHESN, ERLELEFEN,
SERML-EGERPICITTERFTENENEFTN TSI LA GBS T=(Ishioka et
al., 1990; Ishioka et al., 1991; Kondoh et al., 1999). ZOEERIF=RT7HHA
LD ELD AT THHA(. tricolor) st. Heavenly BlueDTEEH R ZEFEL, F
=4/ 7H A st. Heavenly Blue®jE BB FEMNSFEIMLIEE &RIE=FR>
FHHAst. VioletDIEFHHAEFZEL-(BE, 2012). COEERTDIERFZEY
B H¥Chailakhyan(1937)IC &> TIRIBEN -2 TOEYICHELTERFTEMETH
570)F 0 EBEZBHEIFHLND, DIKELZROTHAA LAV TH AT E
WSHEMCTHEBELTERESIZREIIMENEENTDEEZALND.

AMETIE, E4ID 7Y HAst. Heavenly BlueZALNT, 168D FER %1
EE5Z-REDFENEML-BER dHhbERGERDIEMZEMEIC
DWTHREILL=.

RBEREREENICEIOTHELEER, 7 FE1,000LL TOES FESEDF
210,000l LSS FEDICERFEFEARESNI-(Fig. 1-4). OB,
RAEERTICESFET000LLTOES FHEES FE10,000L EDOFHFY
BOVLELEL2DDIEMFEMENEEN TSI LITHS. DRV THALTYE,
JOORIVLEHBIFILEAV-BESETHON-KBESZHRBRSFE
10,000 ERTEMLI-EE, TERBEEEEIENNRICEEL, BAGE RS
DIEHFEYVEFTES FHUETHAHEHMEESN TV SH(Kondoh et al., 1999). LAL
75, Kondoh (BT AR R UM KREEIZHMEA - L—TRHELTEY,
BIZEMRRIZOVTIE, @80 FEDEEMENREME (7)) SNI-FIREEND
5. RRIZ, ARICLTHEONE-BNTRNRZE I ILI—REL TERISANT 5E5
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WERFEFMENZROHONTIZ(BI, 2012). §E, /3D 7Y HFst. Heavenly
BlueFEMNo DR HEBERDE D FEISICHIEMBEEENREHSIN-. ZOF
DFYEOREIZDOVWTIEIEIETHIRT DD, COERFUEFEIVANVEDR
HERLTW . $4hs, EEHERTOE T FHERFTHRZIV/IVETHS
ATRETEAYE LY.

AETHEH EEGERTFOESFHEOMIBRICOVTHENS. ESFES
DIERFEELDRETERZTRAER, BLEB(CI->TESFE S DIEHFE
EMEICEAEEEL(Fig. 1-5), BEDFREAFENEFRICZELGMETHHIEEZZDL
Ntz £z, ZAROT7H A st. VioletlTHE TR THIERFEME FRICKET
&Ho1=(Ishioka et al., 1990). Fig. 1-6&Fig. 1-7TRLI=&KSIZ, B FEHZEo0O0
RILLRUBFBETFILTHERT SE, (FEALEDERFEEFMHIEKEES CERESE
NE-ODTEASFEIFOERGZENEIBENSVMETHLIEEZONS. B
BB CTHEONKBE R AT U RIEBEICE > THELERER, [EA4 i
#tHE8 (DEAE Sephacel)IZIkELEWE S 5EENBIEL(Fig. 1-8), B4 A2 38 st
fE(CM Cellulose)IZIRE T BE S ITFUM RSN (Fig. 1-9). #->T, ESFE
DHOIERFEVE IBREMETHLILEEDODNDS. BAAURBBEEICLKSHET
EENH-I-E N ESSIZSep-Pak C18 cartridge THEILT=EE, 20%E25% A3/
—ILTBRHLEES TRIEWERBZEEENEoNT-. LLOBEEERNL, &
DFESDERFEYVERIRICZRET, BELNESEIEDHETHLEZZOND.
Ffz, ZIRVTHAAst. VioletlIZEWTHIERFEME (FIESD FTHRICKETHME
DEVEEOYMETHLEHESN TLVS(Kondoh et al.,, 1999). TERFEWE (X
MADETRILEILGMETHY, F-RANEBZL-FENCEBRL-EHEHER
FEEVDIERESIEECITMEZETATLA(BESR, 2012). COIEMD, BAD
BICBTHIERFEVEIBENICLERTYETHARMENEL. ThETO
MAMFHDOER, FUNEOREEMLEAERETLI-ORELERFTEETED
HMEERET-. ZOFERFig. 1-10), BRAOES FESE10 ugEHEEZIRE/mL
AT HEEFMAFESN, 30 pgRREFZIFE/MLRMLI-FICRLEESF A

52



EMFoNT=. 100 pgRBEBRE/MLAMTIKERIEFESNLIHEHFRTEN
[FLLAETL, 300 pgRFERZIRE/MLO RN TIHXERFE T T REINGEN -
= BB RL-IEN FES1X0.3 pgREERE/MLORIMTIERMIFEESN, 3
OFETIF10 g EFEFIRE/MLAMLIZLERIBVVERGEETENRON. £
NULOBREDFRMTEEIZIETL, 300 ugEFEEIEE/mLO RN TERFEE
HIFREHEh G o= BRAIDES FEHE30 pgEREZRE/mLAML-F®
EEMARBRLEL FESES yge10 ug Rt @ E/mLFMLIzBOEEIX
FICEEDEETH . M>oT, LEDHERERICL - THEMBEFEILHIME
Mo10fEIEMLzEZEZONS. F-, FRATDES FESE(EMIRELIE
DFEREBRERMTIHIETRERFEEENMETLE. CORITOVTEEIR
EORMIZE>TMEMEADHEMNAE SN EITLEKTERRIGADEEZE
LEZONDD, BLOBERIZEVLWTMEMAD S SIEZEES cmll ETHS.
MIZHLEEN3 cmU T THLLEL IEERFEDIMNFI LR REAEFICLLD LD TH
HEHIEENS. LOLGEAL, SEIDTRTORRICEVTMENADESIESI
cmE ETHof=. TD1=0, BERDBREDRMICEHTERZTEEEDETIX
BRBEICE>TERFENMFESNI-2DTIELGNEEZONS.
NFETOHPBRDOIER, £V T7HHF st. Heavenly Blue IZEITHEDF
DIEHFEYHEIRIZET, BUELASVEENETHLIEEADNDS. 5, C
DYEZHEE-REL, B2 FOIERFENESSICFITEREEYMELDBERER
SMNZTBETIERDHEMAN=—X LERBETIDHELHS.
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E1E WE

EHRBBAT TE CltA43v 7Y HA (Ipomoea tricolor) st. Heavenly BlueDE 4%
DFEILERL-GEREBGER)DIERBEEEZHAT-. RAGERIL,
160 EIDIEEZ 1B 5 TEREFEL-EENSUYR->TEELL-EHOIERE
[AEL-. RBGERZSBEHNL, 7 F=1,000LL TOESFES, 75F=1,000L L
10,000 T D HF 53 FE 5, 7F=10,000LL LD EF 5 FE S DIESIZH T TR
Li=&Z, B FEDICOAEHBETEELAHY, PR FEIEED FESIZE
BEEEEEFEELGEN O BN FEDZSHIZHEL, EHREEMED L
AR TOMERFRIZRETH1-. BN FESZBESER, /Ao Byo<vk
4'574—, Sep-Pak C18 cartridgelZ&k>THELT-. TDHEER, EHEEMEILIE
DFTHBEASEEEOYMETHY, FREXICKYEMBES EEETH104518
L=

of Al

o}
3
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F28 #

TERDOHEEIRRICEVWTEREICHEATHY, ZLOMRAI/THATNS.
Garner&Allard (1925)1%, AXEX(Cosmos sp.)ZRAWTHEMNETEZIA T
5 EE&MITIRLI-. £1=, Xanthium pennsylvanicum (Hamner and Bonner,
1938)*>7 h¥ (Chenopodium rubrum) (King, 1972)&RAW\-EETIX, 52 TY)
YIS HEMARZREBNEBLTLIEFIEEEINT, 1ROEOHFEICLIYTESFMN
ElEhdEMESNTILNS. > (Perilla crispa)l”H WV T, EENEZL-EZEYY
RY, FFEEMARICECIETEDEFEEDRICESFNTEIERESNE
(Zeevaart, 1958). CNoDZENLNEMEZRZLTWSEEFETHIEEZDL
nt-. BRZBRRILHIHERFETHY, EFEZEBETHEARSINSIEND, Knott
(1934) [ FETERIN-ASIDYENZEIRITEINIEFEFETHEMRIL-.
COWMEIF1937EIZTAY T Y Lin S ntz(Chailakhyan, 1937). —R>7HHF
(Pharbitis nil) st. VioletlcEWTHBFH T TE TLEEEDFENRBMLI-EE
BIEEZEEDAROEENSYYISIEBEZTAICHLTIERGZEZTENHY,
DEEME DL OODEFEMBES S iz(Ishioka et al., 1990, 1991). &I,
BESE, BN, AR EHYOTNTFT74—, Sep-Pak C18 cartridgelZ&>TH
BEEN ==K 7 HHAst. VioletDEFERITIERAOEE ERDIEMFZETEL
EEARTHI10~301FFE E S f=(Kondoh et al., 1999b).

—h, EFEEICLBTERDEEMHS 20T (Kalanchoe blossfeldiana)
(Hander et al., 1949), A FE=(Xanthium strumarium) (Lincoln et al., 1956), k%
LF(Lolium temulentum) (Evans, 1960), —7R> 7477 (Imamura, 1961), Y
(King and Zeevaart, 1973)D &53%GZ<DIEPFEICEVNTHRESA TS, PV
(King and Zeevaart, 1973)&74FES(Zeevaart et al., 1977)[CHWTERBELR
bNnbEE, FEENERICHESNDIBEIELEYMDENZLIED L. Ff-, =K
DTHAFITENT, AADEZFEOFEOEBEELEZADHLITEY, £5—FHDFH
BEN=FEMERANBEESINDIEEEYOIEEDEILEEHEZTHREDE
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EHEATRENT-(Ogawa and King, 1990). ZThoDIeEMD, JEFEE(CKBTER
FELEFEENZEE~NORILEYDO I LGREREGD-OH, FEEMSETAN
DREIEEY OEENNFISHh, TORKRBELT, EHBEVEOEBE~DHIEN
VGBI THAHEERSNT. LHOLELS, EREEMENEFEE TER
[CEESNTWAILETETLEDBELNHS. A FTEIENFVATZANT,
Papafotiou&Schwabe (1990)([E3EFEED A EMEHEEL THIEMBESR LR
DLIEBEWIE, &1, FEEOREHEFTERFZEICHEN LGOI LZHLMICLE-.
NODFERMND, Wo(E, EHDOEEXEFEETERSNI-TEFRBEYEICL
STHREIHELIER DT TS, B MDA FI (Fragaria ananassa)zFAULN=EERT
X, REBEHTTEMBEEMENETHESN, ANOVEZRESTHEL, ZLTHE
B TERT A EMNREINTULVS(Guttridge, 1959; Vince-Prue and Guttridge,
1973).

BEARLKIEFEOFECLEOHEMICLIERBEFELE -+ HIILAESNT
LV3(Jacobs, 1980). =R 7HHAst. VioletlZEWTEHKBBA T TE Con=E
EDFENICERL-BERIIEBFH T TEESNERZFESN-EBYE,
SYIYE S f-IEEZETRICE O TEREEEEA Ho1=(Ishioka et al., 1990). E#HiHE
BA T CE CoNz=RUF7HFst. VioletDFENSIRIRL-EGFEREEDELD
A3 7 YA st. Heavenly BluelZ5EX TIEREESR D L@ EMNFAR ST
ZTOHRER, EREBATTEONZR 7Y HFst. Violeth SERERLI-ERERIE
BORLB /I T HHAst. Heavenly BluelZHWTIERZBEEL, RHFIZER
BEATTE Conl=tA43 7Y H+4st. Heavenly BlueDFEMNSIEWMLI-EFE &
HEf-=RU T HAst. VioletDTERZEREL (B, 2012). ChSDERMD,
ERERAT CE N FENSEBMLAERPICITELEZATHEDOERKME
EESIERITMENEENTLSOTIEALMEHRIIN . SBIC=HROTHH
Zst. VioletlZEWT, FEIZTERGEEMELERBEEMEDEMT/NTURITED
THEEN TINBI EAEREEN TEY (Kondoh et al., 1999a), TERIBEME £
SMNTT B EIFTERHEIEEZRAIT S LTHEEICEEZETHS.
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AETIIEAIYVT7HH7st. Heavenly BlueDEFBBAT TE CobNE=EEDF
ENoERLGERTOEKEZTUEDHEZITL, TOREFEEHAT-.
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F3E MMETE

1 HEYIM R

MHEELTEBIEYMTHD IV 7Y H A (Ipomoea tricolor) st. Heavenly Blue
ALV BRI 1TEH (Kyoto, Japan)h o BEALT-.

2 #®EHi%(Fig. 2-1)

A3 7Y HAst. Heavenly BlueDETBEBERERICAW:. BFEF1EL
BIFkICALIEL T3% 3%, 0.3% Gelrite (Merck, USA)Z AILI=MSHEih | ZHEE /Y
[Z#BFEL, 25 + 2°C, 16BERIBAHA(100 umol m? s™') SEFRAEHID IEEET6 HiE
HIBEL, TNoIC16REOFERAZ 1B EATIERZFEL:. RED-OHDE
BIEETNhoDEENSFERL . FRERLE-ZETAX5% 3k, 0.3% GelriteZz iRl
10 mMLOMSHEHIZERLT-. ETREE(L, 25 £ 2°C, 16BFEIBHHA(100 ymol m?
s”) SERIREHIDEBEE T, HBELAMEBICEEISHEL/MEMEDIETE
FEHEIL, ERERBELLTERL:. RRET1RERICOF1BRAULOEEETHT
Ly, 3E#EYRLT:. 2 THEEBRT—2(ILSDREZ AL TANOVAIZKY HHTL,
TukeyDIREIZLY LB LT=.

3 ERERDIEIA A (Fig. 2-2)
BXEF1ETRLEZOERABEDOAEZTREL, N—IXa15/MIBELIz. Th
5%25 + 2°C, E#EBAT(00 pmol m? s T7BREIHKIEL-. TD%, ELDF

ENOEIETRLEAETHEREERL:. Gont-GEREZRAGERELT
LI DRERICALM:=.
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Fig. 2-1  Schematic diagram of apex culture.

Seeds of Ipomoea tricolor st. Heavenly Blue were sterilized with a solution of
NaOCI, and then sown on MS medium supplemented 3% sucrose and 0.3%
Gelrite.  They were placed in an incubation room at 25 + 2°C under 16 h
photoperiod (100 pmol m?s™).  After 6 days, these seedlings were exposed to a
single 16 h dark period to induce flowering. @ Each apex was excised and
cultured on 10 mL of MS medium with 5% sucrose, 0.3% Gelrite and PE or fraction
of PE.  Apex cultures were maintained under 16 h photoperiod (100 umol m™
s'1) at a constant temperature 25 + 2°C. The developed plantlets were
examined for floral bud formation after 4 weeks, and the flowering response was

expressed as the percentage of plantlets with a terminal flower.
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71
Cultivation 20 mM EDTA, DW, 6 h
(CL) 1h Phloem Exudate
(CL-PE)

Fig. 2-2 Schematic diagram of phloem exudate collection.

Seeds of 1. tricolor st. Heavenly Blue were sown on wet vermiculite and had been
cultivated under continuous light conditions (100 umol m? s™) at a constant
temperature 25 + 2°C for 7 days.  For collection of phloem exudate, cotyledons
were excised from the seedlings and placed into vials containing 20 mM EDTA.
After incubation with EDTA solution for 1 h, the cotyledons were transferred to
distilled water and incubated for 6 h. The exudate is referred to as phloem

exudate.

4 RAEGEBRDENICEDDE

EBEEREEBEIEL, REEZ10 mLOZEBKIZEREL-. Iht, iR TFE
1,000 :FEHT & (Spectra/Por 7 MWCO 1,000; Spectrum Laboratories, Houston,
USA)ZRLY, 1 LOZEBKIZHLTI2RE4CTENL, BMRREERNRIZH
(F7-. BEMARNRTERBEZBEICEIOTIRML, ¥R 52 F = 10,000 D E #7 R
(Spectra/Por 7 MWCO 10,000; Spectrum Laboratories, Houston, USA)ZFiLY, 1
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LDZEBKIZH L TI12E4° CTHEENL, BMRNREBMIVRICHT-. TXTD
BINREBEMNROBES T RIEEIREL, REOES(RBLIBRE)ZATER L&
DZEBKTHEBL-. LLEDBEWICKY, 2 FE1,000LL TOERSFES, #FE
1,000-10,000D 43> FE 4, 5 FE10,000LL LDBE S FESIZHELT=. 30 ug’E
HEHRE/MLOBRABEERE10 pgblE30 ugEEEIRE/MLOBLN-IE
DOEFBEEFEERAN, BN FEIEZDEROERICHAL-.

5 RAGEBRDIEMBEEFEICETIRNEDZE

TERAEEEORLERZRANL-OIC, RAGERDES FEDE70°CET=
[£100°CT153 INEAL, T4V A—RE &R, A —rIL—TREL= RN
Fl=, BEDFEDZHEMIHFMLI-E, A—ML—TRETHEIZEY1217C, 15
DOBRNEEL-. ChoDTERBEEEEZRT-.

6 RAEEBRDBEDEICKIDDE

RBGERTOIEAEEVEDBHEZRANS-HIC, RAGERDES FEL
ZOO00RIVLEEFBRIFILERAN-BEAIRICEI S THEET - BERFESE
6IRENIEH TpH SICHELI-E, FE0/OOKRILLEFMUTIERERL, 2%
A—rEAVTKMEE/OORILLBIZHEL-. ZOKBIZENO0OKRILLETR
mL, S5IZ2EREFRICHELT, KEEI/AORILLEERS . RIZEBONTKEE
6T DKERIEN D LTIEEM(PH 12)ICLiztk, BUZE0/00K/LAT3E
AELT, KE([ES 1)KV LEESS 2)ICHELz. RAOVAARILLS
ETHon=/00RILLEIXS%EREKFEF NIV LKERPH 9)ZMATIES
BoL, K¥BE/OORILLRBIZHITT=. 512, KIEZIERR TEME(EH 3)ICLiz%k, &
AAKRILLATIESELTKIE(ESI)E/O0KRILLE(ED4) 27Tz £5—A
D4 O0RILLFEIEKERIED D LTTZILAIE(PEH 12)ILz%, REEKFRTRID
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LTI3EAEL, KIEE/OORILLIE(ESD)IZH T, KMEIFIEEE TEEM(EH 3)IC
L7=#, £/007/K)L L TKME(E S 6)E/00KRILLHE(ES 7)< ZOLKIIZL
T/RORILLERAWN S BFESERICE>TEHTE S ZF-.
200RILLATORERICEYFoN-TERBEEENHIE S (B 1)FSoIZE
BRIFILERAWBRESEICES>TRLCKSICHEL, SH7ES(ES8~14)EF -
BRSO, 700/RILLES RUOFFBEIFIILES [ET/ARL—2—(CKYRIE-
BZEIL T, AR/—)LICEMEL, KMBILEMRL. BESRICL>TREMIZELONT:
ITRTCOEDTRBEZEL, RELZBFEZRHEL. ZLT, TAETNOESDTE
PR E B EERR . BREICAWN AR/ —JLIZK > TR RTINS EIEEH

>f=.

7 REGERDAA U ZILHIEIZLD 7 E

BIEAERICKDIDE TR BT EENH BN (EH8)E A4 R EIZLY
SEL. £, FHEERLI-ES8%10 mM UUEEEER(pH 6.0)IZAfEL, BA
A2 3 IEHS L (CM Cellulose, 1.5 x 10 cm, 20 mL bed volume; Whatman,
Kent, UK)IZIRESE, RICEEZRE A% %E&EFlow throughBEloELT=. ’REF
L=E5(E1 MONaCIZE L RILEERICKYIBHL, 5 mLI2EH, BH1~
1025/ 1. FERETNTNIEMISHMLUTIERBEEEFEERA . BA4UK
Bt Rg IR B LS A o =E 5 (Flow throughlEl %) (F T/ AR —4—TBMEER, EiE
&712L, 10 mM Tris-HCI#E @& (pH 8.0)IZAMEL, B4/ A Xkl hS L (DEAE
Sephacel™, 1.5 x 10 cm, 20 mL bed volume; GE Healthcare Bio-Sciences AB,
Uppsala, Sweden)IZIkESE, RICEE&ZE ALV $ &% Flow throughE7&L
f=. ZLT, WEL-ED 1T MONaClZET RICEERICEYAHL, 5 mL$D
£, ER1~10%2151-. B-EHOEKBEELEZAT 10 mM U BEER,
10 mM Tris-HCHEE R R B HICAW=NaCIZ&>TIEEMABEEEINSZ LIT%4
Mot
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8 KBEERDSep-Pak C18 cartridgelZ&k 35 &

PEAA L RBBIEICL DN ETEEDBONI-E D (E 5 4~5)%Sep-Pak C18
cartridge (Waters, MA, USA)ICKY R EILT-z. B4 4~5%T/\\RL—2—IZ&KYiH
[E-82EIL, 0.1%DEERZT L 25 B /KIZAARE, Sep-Pak C18 cartridgelZi#nmL,
0.1%DEFEEZE ST 0, 5, 10, 15, 20, 25, 30, 50, 75, 100%MD *%/—)L100 MLT

IERBHLTz. $RTOER FIT/NRL—2—ZXYBE-EZEL, ZBKITARE,
e EEEEER~ 1=

9 RBERERDIEMBEETFELEEDHERE

INFETOREEEICIVBON-ESOREEELHRZET L0, REGE
BORELEHBZEEDOHEBICOVWTHANT:. HEBEE %K LSep-Pak C18
cartridge[C kAR ETEENFEONT=15% A2/ —ILBHE S EETNENO0, 1, 3,
10, 30, 100 pgHRHEFZIRE/mMLEEHICHRML CERGEEEEE AT
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1 REBEEBRDENICESDE

RBEEREHRS FE1,000DENETENL, TOBEMANRERBIIEL
i=MER, BEBRSTFE10,000DBMETHEM L. /FoNI=57FE1,000LTDIE
SFE S, 57FE1,000-10,0000F 573 FE 5, 73F&E10,000L £EDESFE
SEDIEMBEEEZANT-. B FESD TIIIERBEZTFEFZDHOoNL, &
DFEDEERD FESIZIFTERBETFE T FELGENo1=(Fig. 2-3).

2 REEERDIERBEEEEICETLIRNEDZE

RAGERDES FEDICEITHEHBEEEEORLTERERNL-0IZ, &
DFEDERRITBEETRNELS . Fig. 2-4IT5RLEKSIC, BMEIC K> TER
BEEMICEALFTAL, A= IL—T Ik D50 (121°C, 155) ITK>THEM
[FADLEm ot

3 EE@%E/&@I‘&;% \EE' J:é/\

RBGERDESFESZ/OOKRILL, ROTEHEIFILZRAV-2EICELS

SEL, TNETNOES OEHBEEEEHZRA . BESFESZI/0AKRILLT

DBENEICEO>TED1~7ICHBEILREL-ECS, TERBAEFEIFKBESS T
HAHED1IZHBELI=(Fig. 2-5). EWLT, B 1 ZHFBIFIL S EICK>TESS 8~
1427 ELT-. TEREEEEFKBE D THAE 7 8IZBELT=(Fig. 2-6).
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Fig. 2-3  Flower-inhibiting activities of fractions separated by dialysis.

The phloem exudate was collected from seedlings grown under continuous light
conditions (CL-PE).  Using 30 pg FDW mL™ of the crude CL-PE and 10 or 30 ug
FDW mL" of low (L), middle (M) and high (H) molecular weight fraction,
flower-inhibiting activity was examined. Culture medium without CL-PE or
fraction separated from CL-PE was used as a control.  FDW means freeze-dry
weight. Means + SE, n = 13. The same letters represent no significant

difference at P<0.05 level.
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Fig. 2-4  Effect of heat treatment on the flower-inhibiting activity of phloem

exudate (CL-PE).

The phloem exudate was collected from seedlings grown under continuous light
conditions (CL-PE). The diffusate fraction from the first dialysis of the CL-PE
was heated at 70°C (B), 100°C (C) or 121°C (autoclaving) (D). A; No heat
treatment. Means = SE, n = 13. The same letters represent no significant

difference at P<0.05 level.
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Fig. 2-5 Flower-inhibiting activities of fractions separated by CHCl3

participation.
The diffusate fraction (dialyzed with a dialysis membrane MWCO 1,000) was

fractionated by CHCI; participation. Means + SE, n = 13. The same letters

represent no significant difference at P<0.05 level.
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Fig.2-6  Flower-inhibiting activities of fractions separated by ethyl acetate

participation.

The active phase for CHCI3; participation (Fraction 1) was fractionated by ethyl
acetate participation. Means = SE, n = 13. The same letters represent no

significant difference at P<0.05 level.
4 RAGERDAFRBBEICLS57E

I FILCTORETEELH BN 8EILITAA U RBYOTRT FT714—IC
KO THELz. BH8ZBA A X HAE(CM Cellulose)C&k>THEILI-HERE,
TER R EE IR A A4 B AR I RE LG LV E 53 (Flow through)BEl 9 Z/BTELT-
(Fig. 2-7). ZMDFlow throughE 7> & #E L\ TREA 74> 32 #245t B§ (DEAE Sephacel)lZ&
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STHELL. TERBEEM IR TBBIENSDBRHEESBEL, BLE
LNEME(LE 4 4 ~ 5 TRS T (Fig. 2-8).
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Fraction

Fig. 2-7  Flower-inhibiting activities of fractions separated by cation exchange

column.
The active phase of ethyl acetate participation (Fraction 8) was applied to cation

exchange column. Means + SE, n = 13. The same letters represent no

significant difference at P<0.05 level.
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Fig. 2-8 Flower-inhibiting activities of fractions separated by anion exchange

column.

The fraction with flower-inhibiting activity after cation exchange chromatography
(Flow through fraction) was applied to anion exchange column. Means + SE, n

=13. The same letters represent no significant difference at P<0.05 level.
5 RBEERDSep-Pak C18 cartridgelZ&k 35 &

fEA A2 R AE(DEAE Sephacel)lZ&k 27 EIT/EMDHo1-EI5 (E5H24~5)%
Sep-Pak C18 cartridgelZi&OL, 0, 5, 10, 15, 20, 25, 30, 50, 75, 100%®M A%/

—ILTIBERAH L. Fig. 2-9I125R9 K312, 15% A%/ — )L TEH LB % TIER R
SEMEARoNnT-.
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Fig. 2-9  Flower-inhibiting activities of fractions separated by Sep-Pak C18
cartridge.

The fractions with flower-inhibiting activities after anion exchange chromatography
(Fraction 4 and 5) were applied to Sep-Pak C18 cartridge. ~ Means + SE, n = 13.

The same letters represent no significant difference at P<0.05 level.
6 RAEGERDIEHRBAEEEEREDHERS

CNETORFBRICEO>TEDRRERMBETFEAIEMLE-NERET 5101,
HREHEERERBEGERDE D EEZDSep-Pak C18 cartridgelZ& A2 EID
SEMED(15% A%/ — LB HE 4) & Fig.2-101Z R L= & S 4E E Tt (SR,
TEREEEMHERELOHBEZRA-. HRAGEREZIEIHMLUI-E, EDR
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Fig. 2-10 Correlation between flower-inhibiting activity and concentration of

phloem exudate (CL-PE).

The phloem exudate was collected from seedlings grown under continuous light
conditions (CL-PE).  Various concentrations of crude CL-PE (o) and final 15%
MeOH-eluted fraction from Sep-Pac C18 cartridge (e) were added to assay

medium. FDW means freeze-dry weight. = Means + SE, n = 13.
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EFEENERZBEETTSLEIZLDEYMTHON TLYS(Evans, 1960:
Guttridge, 1959; Hander et al., 1949; King and Zeevaart, 1973; Lincoln et al.,
1956; Imamura, 1961; Ogawa and King, 1979). —7k> 745 #4st. VioletTIZ, &
REAT THE CoNEEDFENRRL-EBERIIFEEY AL STYERST-
EEZETRICSWVTERBAESRERL=(Ishoka et al., 1990). CD &M D, ZDER
ERICIITEHRBAZTVWENEENTNDEEZZAONS. AETIE, ERBHATTET
=430 7Y HAst. Heavenly BlueEXDFEMNSEBMLIZEFER, THHBER
BERERDIEMRPBAEFIEICDOLTREILE.

RBEEREEMICFIOTHELEER, BEoFESICIERBEFEENRESN
f=(Fig. 2-3). COZEM L, TERBAEMEIEHD FE1,000LL FTOES FYETHD
CENTEENT. DRV THAA TLERBAT TEC-RELNERIML-EGER
ZHER D FE1,000D BN TEMLI-EE, TEREETFEEERNRIZHEL,
FFE1,000LL TOYMPETHAHAEHESN TL IS (Kondoh et al.,, 1999b). RAEE
HEERNELTEEMATEEDRREEZHRNT=(Fig. 2-4). BIIEIZKH>TIERM
FREFEMICEFES, RAGERICEFENLEHESVERIRICZELGYWET
HdHEEZLND. Fig. 2-5LFig. 2-6TRLIz&KSIZ, REERE®RZEZ/OORILL, XK
WTHFBEIFILTHET SE, [FEAEDEMBEEEIFKBED ICERESN-D
TREOGERFTOEHMBEVEIBENSVVMETHIEEZ oNT-. BESE
THONETEREEEHZA I IEREAA U RIBBAEICL > THEL-ER, 5
A4 HBAE(CM Cellulose)lZIRELGEWVE D ITEEMNHY (Fig. 2-7), [EA4F>
X #ukiAEIZ(DEAE Sephacel)lCRET HE7 T/EEA R E ST (Fig. 2-8). -
T, RBGERTOIEMBAEVEIFEEMEYMETHAIENTESNT-. BA44
REBEIRIC KD D ETEELHoI-E 5 ES5IZSep-Pak C18 cartridge THEL 1=
EE, 15% A3/ — )L THEHLEE D TRRRBEEFEN RN = LI EDOREEXL
HRBEERDEMBEETMEITRICKET, BENBUEEEOYETHIEER



bhd. ZRUTHHAst. VioletitEWTERBEENEIFES FTRICRETHY
BHEOEWNVEEOYMETHDEHRESN TLVS(Kondoh et al., 1999b). {EREE Y
B(IX=/R> 7Y st Violet, /A7 H 7 A st. Heavenly Bluef A DIEIZHLNT
Li-HETHY, EMBHAT CTE CoN-EEDFEISERLI-GERIEIEEL
DIEBRDEEZZSIETEITMEEEATLSEEZONS(EH, 2012). ZOIEH
5, MADEICETHIEHEEME TBENICILERLEMETHLINLLALL.

INFETOMARBEHOBR, EUENEDEEEMULAIERTLH-ORELIER
FEEHEDORBEER-. ZOHR(Fig. 2-10), HEBEEREEHIZHML=R,
EDREIZBEVWTHLIEMEZFEEIEIRON, RLSVEREEFEMSE30 ugEfEez
BE/MLOEETH - TNLULEDREDRMTERTETLEL. £, BoHER
L-RBEERITEMICI g BERZRE/mMLAMLI-EERLEVERBEETEYS
HNRLN, ZRLULEDREDRMTEEIFETLT oz, BORBHUL-EAGE
&3 UQRFBIZIRE/mMLORMIEER BERERZE30 pgRFERZIRE/mMLAMLEE
CRICEEDEETH . M>T, LEEDBRERICI>TERBEEEMEIEH0
BEmL-LEZLN5.

ZHRVTHAFITENT, ERIFTEHBZENELERBAETNEDENG/NSUR
[CE-THIHEN TS ERESN TEY (Kondoh et al.,, 1999a), {EAEYMES
BASMCT B LIETER B RBET AL TERICEETHS. CNETOHRSHE
DR, (I 7Y H7Ast. Heavenly BluelZH T3 KBEHERFTOIEREEY
BIIRICKRET, BENSWMEEMYETHLILEEZONS. SR, COMEDE
H-RIEEITOLENDS.
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E1E WE

A3 7Y H A (Ipomoea tricolor) st. Heavenly BlueZ##&L T, EHMIELT-
FEMNDEFRERDIEFFETEICONTHRANS-. 165HEEHZ 1R EZ-FE4
DFEIERLAEREAGER)ISEFEOREISYYRSIIEEETE
DIEHEFEL:. EEBREREBMICE - TLEARICHITTIzEE, 5F=1,000LL
TDIESFE S ESFE10,000-25,000D 5 73 FEIS IZITXTERFZEETELH 1.
TERFEEELAH - -ERFESDIELZMFEZHONCIT EH-0OIC, 52 FE
NEBEOEN TYENEERTREL:. TERFEE M (EProteinase KLE(Z
LOTHEL-. /2T, BN FEUEMEILZVNIVETHLHEEADND. B
B ZETIVEBIZEOTHELI-EE, FHEDDHES FEIF#923,000 Dalton
ol EAEGERES FESOEFANEIEN FESDERFEFEICEEL
Thof-. EHRBAT CECE(AVTH AL ORENCERL-EGE R (KB
ERNETEREFTELLRENSYYRSIEBZETBOEREEET 50, BEL
HICZORBGEREEAGERDED FEDEXREBFISHMLIZEE, TERILME
Bant-.
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F28 #

TERIZEITAHEEBORAIEZCEZICEVTERICEETHS. RAEY
[CEWT, EYHoDHEMPDIERFEMEZRELESET IELDHAELT
HHTET=(Bonner and Bonner, 1948; Lincoln et al., 1964; Hodson and Hamner,
1970; Zeevaart, 1979; Fujioka et al., 1986). Ishiokais(1990, 1991)Ix=/R>7H
H 7 (Pharbitis nil) st. VioletDE£ZRANT, EEHAEL:-FEINSERL-EER
DNIEFEDEENSYYRIEBZERICEVTIERFEEEEFH OILEFREL
f=. TDIERFEYE XKD FYE TH-7=(Kondoh et al., 1999). Fif=, F1ET
A3 7Y HAst. Heavenly Blue® s HLIBLI-FENSIFEIMLI-EFERDBEHT
[CE-THEL=2FE1,000LL FTOERS FESNIERZFET HMWEEZEATL
HlEERELT-.

—AT, BRFEDERFEVEDFEIIOVTEZLDHENTIN TS,
RBEMTHSL 04X+ X F(Arabidopsis thaliana)z N THy, fpa, fve, fca, fe,
ft EDLILGLZHOIEREREAREEKRIEH SN =(Koornneef et al., 1991).
nSMD3%, FLOWERING LOCUS T (FTY&EF(FTAV /A5 E)z2WTIFBEIC
K BTERH EIRERIZHE LT, CONSTANS (CONEIEFD TR TEGENLRIERES
BREFELTRIE SN f=(Kardailsky et al., 1999, Kobayashi et al., 1999). Jt[& %l
HERZTHHRERFERVFETHY, BFFEEBETHEASND. EnEFTOVTY
EREENDL T FILMEN G EEE>TEBENBHTI-HTHILEEZALNT:
(Chailakhyan, 1937). RBH#E#MD L OAXFTXFIZHEITHELDEENSFTA /N
DELHEET AT EIAIEEIETHDIL, FTAVUNVENZEESRMBBTATD
AT UELTIERZFET A-OITERT AT ENFEBAESNT-(Abe et al., 2005;
Wigge et al., 2005). 55 B TH S 1 % (Oryza sativa)lZH WL TH, FTEEGEFDA
FZEFBF—y0Y5 THhdHeading date 3a (Hd3a)EEFHREIESN, Hd3aR
INIBELENSCEIB~BE T HIENMESNT=(Tamaki et al., 2007; Mathieu et
al., 2007). EFkICFTHEREZ /X EN D EHEY D L=~ (Solanum lycopersicon)
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(Lifschitz et al., 2006), %2 B ¥ D =K h7RF+(Cucurbita moschata)& 144
Dt A9 HRF+(C. maxima) (Lin et al., 2007), 5EBHEMD =R 7 HH A st.
Violet (Hayama et al., 2007) & THESN TS, FTiE R FIZTGREEN
FLUORESCENT PROTEIN (GFP)ELF&E#HEAIETIOMXFTXFITEATS
L, ETBATGFPOE M EH BN T=(Corbesier et al., 2007), B+, Hd3aEIEF
DTOE—F—LGFPEGFER/EIE T, A1 RICEATHLEIETCGFPOELM
B aniz(Tamaki et al., 2007), £fz, EAAVARFrDOEERPICFTHEZY
INIEDORTFRE R REEINI=(Lin et al., 2007)EWL\>1=8RENHD. LHLAE
H5, WFNOHRELMBULINTH-T, SFYBAKICFTIV VBN EGEEZRH
LTEIEICEELTWSILZIRTOLELNHD.

F1ET, HHLEZLI- 37 YA st. Heavenly BlueDFEMSIRELT:
REGERICIITERFEEENFEET I LEHMEL-. TOEBEGEREENIC
KO THF=1,000LLFDIESFE S, 573F=1,000-10,0000 F 72 FE5, 7F=
10,000 LDE R FEDDIERIZHELI-LE, BN FENEES FEH
HICTERBEEFENH - BN FESDIERFEYEICOLTIIEI1ETREIL
= BERPIEDFELESD FEDTERFZENENFELTLDLLIE, EYME
FOMEBEIETERAN=XLOBRICEVTEREICEETHD. AETIEEHHER
FOESFESOEEICONTHREL:. £, EREBHATTE /3 7Y
77 (I tricolor) st. Heavenly BlueDFEMSEIRBLI-KBEE KIZILTERBEE
HAHH(FE2RE)DTRAGEREEHGERDE S FESOMBEALEFT-

L\J\
EH
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F3E MMETE

1 HEYIM R

MHEELTEBIEYMTHD IV 7Y H A (Ipomoea tricolor) st. Heavenly Blue
ALV BRI 1TEH (Kyoto, Japan)h o BEALT-.

2 #®%EHi%(Fig. 3-1)

A3 7Y HAst. Heavenly BlueDEIBEBERERICAWN:. BFEF1EL
BIFkICALIEL T3% 3%, 0.3% Gelrite (Merck, USA)Z AILI=MSHEih | ZHEE /Y
[Z#BFEL, 25 + 2°C, 16BRESBARA(100 umol m? s™') SEFRAEHID IEE = T6 IS
MIELE. BED-ODEEFENCOERENGEERL . HFRRLE-EIEXS5%Y3
¥, 0.3% Gelrite B ERDE R EHRMLUI-MSIEHIZERL-. 28, HERE S
DEREMERITH-OIC, BEREDUNOEMES—NIL—THEL, Hiho
BENTHASTHDL, J(LI—RELEZBEERENZMAfz. ZTEEEIL25 +
2°C, 16B5RABAHA(100 pmol m? s™) SEFRIMEHADIEBEETITL, BB %KIC
EEMNOREL/MEMAEDIRTEZEHAIL, TRIEERRELLTRL-. RERIET1ETE
RIZDOE13ARLULDEBEETHITL, SERYERLI:. ETORBT—FIILSDRE
ZRAULTANOVAIZLYSHTL, TukeyDIRTEIZKYLEERLT=.

3 ERE RDERENA E(Fig. 3-2)
BFEF1ETRLUERHMOAETRIEL, N\—SF15/MiEEL-. EBE&GE

HERIRTRIBE, FM5%25 + 2°C, 16HRIBARA(100 umol m? s™') SEFRIMEHA
DEEEZETCoHMBEEL, TOR16KMBEHE1E521-. RAEERFIENT S
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BE, FNoE25+ 2°C, EHEEBAT(100 ymol m? s T7HREEKIEL:. FNE
NOEEDFENSE1IETRLIZAETEHE REZFEIRL-

75
. —»fﬁ”ﬂ%‘—»@ﬁ@—»_ 4w
i 71 :
4
Cultivation Culture Y
(LD, 6 days) (LD) i

Fig. 3-1  Schematic diagram of apex culture.

Seeds of Ipomoea tricolor st. Heavenly Blue were sterilized with a solution of
NaOCI, and then sown on MS medium supplemented 3% sucrose and 0.3%
Gelrite.  They were placed in an incubation room at 25 + 2°C under 16 h
photoperiod (100 umol m? s™) for 6 days.  Each apex was excised and cultured
on 10 mL of MS medium with 5% sucrose, 0.3% Gelrite. = To examine effects of
fraction of PE, culture medium was firstly autoclaved, the fraction of PE was
filter-sterilized, and then added to the autoclaved medium.  Apex cultures were
maintained under 16 h photoperiod (100 umol m? s™) at a constant temperature
25+ 2°C. The developed plantlets were examined for floral bud formation after
4 weeks, and the flowering response was expressed as the percentage of

plantlets with a terminal flower.
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Cultivation 16 h dark 20 mM EDTA, DW, 6 h

(LD) Induction 1h Phloem Exudate
(SD-PE)
A

ﬁﬂ@

Cultivation 20 mM EDTA, DW, 6 h
(CL) 1h Phloem Exudate

(CL-PE)

Fig. 3-2 Schematic diagram of phloem exudate collection.

Seeds of /. tricolor st. Heavenly Blue were sown on wet vermiculite.

A; In the case of SD-PE collection, they had been cultivated under 16 h
photoperiod (100 umol m? s™) at a constant temperature 25 + 2°C for 6 days, and
then the seedlings were exposed to a single 16 h dark period.

B; In the case of CL-PE collection, they had been cultivated under continuous light
conditions (100 umol m? s™) at a constant temperature 25 + 2°C for 7 days.

For collection of phloem exudate, cotyledons were excised from the seedlings and
placed into vials containing 20 mM EDTA.  After incubation with EDTA solution

for 1 h, the cotyledons were transferred to distilled water and incubated for 6 h.

4 JEAEERDENICESDE
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HHEEREREGZIEL, BEZ2 mLOXRBKTHEEL. ChE, #RasFE
1,000 BHTIE (Spectra/Por 7 MWCO 1,000; Spectrum Laboratories, Houston,
USA)ZRLY, 1 LOZEBKICHLTERL, EMRREETIVRICH T, @K
BIERIEL, RREZBEZAER LEDXRBKTEBELE. EOENMRNEZHR
2F=10,000DEHTIE(Spectra/Por 7 MWCO 10,000; Spectrum Laboratories,
Houston, USA)ZFRILY, 1 LOZEBKIZHLTENL, BMAREEMNRIZH T
MR ITRGFIEL, RBOEE(RREZRE)ZAER, VEDARBKTHAREL
LRI, FDOBEFRNEE RS F=25,0000 35 #7 iE (Spectra/Por 7 MWCO
25,000; Spectrum Laboratories, Houston, USA)ZFLY, 1 LOZEBKIZXL THE
WL, EFRNREENNRIZH T MRITREEZIEL, BREZBEETAER,
EOZERBKTHAHELE. LLEDEWRIZKY, 2FE1,000LL TOES FES, 757F
£1,000-10,000D 7> FE 53, 73 FE10,000-25,0000 57 FE -1, B F=E
25,000l EDE S FER-21257ELT-.

o

5 HBEERDIEAFEEELREDHEE

EHEBERDENICL>THI-E S FES-1(57F=10,000-25,000)D=E LTE
BEEERHEDOMEBEICOWTIHNT. B0 FES-12EEFREL, BEZIEEZA
Ei%, 0, 1, 3, 10, 30, 100, 300 ugEAEFLIE T /mLEE# THRML CTERGEEE R
HERaN

6 EEEERDIEHFEEEICRIFZTHEHADOZE

HHEERPOES FES-1DERFEFELNEBLEEREDOEFZRIZDONT
FRL-6128, 10, 12, 14, 15, 16, 18, 21, 22, 24B5E DIEHANIEL-EE D F
ENLERERERML, LROLICEMICE>THEL:. FEREREENL, &
FE7-1(5F=10,000-25,000)DE R FEEEZ AT,

&>
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7 EHEERDERNE

=N FYE S REER THSProteinase K (Boehringer Mannheim, Germany),
DNase | (Sigma-Aldrich, St. Louis, USA), RNase A (Sigma-Aldrich, St. Louis,
USA), Hemicellulase (Sigma-Aldrich, St. Louis, USA) & Pectinase SE-150
(Shikibo-Lifetec, Japan) TR BEBERDE R FES-1Z2NEL, EHFEEMED
ZALIZDWWTERAR =

Proteinase K, DNase |, RNase Al&10 mM!) > B&f2 & & (pH 7.0)IZBfEL, £h
ZFN10 pygmMLD BETE D FE2-112R ML T=. Hemicellulase & Pectinase
SE-1501350 mMEFEE 1) o LB E & (pH 5.3)IZ8fEL, TNEFN11=vrERA
LTESFES-1I25MLTz. DNaseflLEDIHFE DA, xEZEES mMDIEIE<TY
F) LB REMAT-. BERERIGEI7COEEET2HRIToz. RIGERZEHE
1B, EREREZRTEL, 30 pg BRI RE/MLORE THEMISRMLTIRE L.
Proteinase K (2% 228,930 Dalton)lLIENIH A (X, MEBRD B EEHRIFE
25,000 B H7 & (Spectra/Por 7 MWCO 25,000; Spectrum Laboratories, Houston,
USA)ZRLY, 1 LOZEBKIZSHLTENL-. 0B EE REEEL, G
BEZAER, 30 ygREFZIBEE/MLORETEMISRMLTIRE L. T, BR
BEARDIERIZHT EEELTRARS-OIC, BRRDAHZE37TCT2RENLELI-BR
Z, BRUEL-5EEALRETEMISRMLUTHEBEL-.

8 EHEIERDYTILEBIZKEHE

REBGERDEN FES-1Z7IVEBRIATN T ST74—(CE>THELT:.
Sephadex G-50 (GE Healthcare Bio-Science AB, Uppsala, Sweden)% 150 mM®
NaClZ# &350 mM!) U ER#E &% (pH 7.0) TE&E1ELHS L (1.5 x 30 cm, 50 mL bed
volume)IZFIELT=. &R FES-1EEFGEEIEL, EiEZE150 mMONaClZ&E€50
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mMY 2 EERER@PH 7.0)TABLEMEL. BHLRICEERTITL, FHET
mL/MinT1.8 ML D2&EHT-. ThZTNDED I, RS F 21,0000 35 47 &
(Spectra/Por 7 MWCO 1,000; Spectrum Laboratories, Houston, USA)Z RN THR
8L, EBEIRE, EREIRELATEL, 30 pygRIERIRE/mLORE THEHIZHRM
LTHRELT=. #EBRATE(V0)130.2% Blue Dextran 2,000 RALNTRELT=. [EEE
7 (B 516 ~18)D 7 F= &, cytochrome C (12,400 Dalton), a-lactalbumin
(14,200 Dalton), B-lactoglobulin A (18,400 Dalton), trypsin inhibitor (20,000
Dalton), trypsinogen (24,000 Dalton)Z AL\ THEEL1=.

9 EREERDEDFESDIERFEFEIIHT HESFESDE

i

F1ETHALESIC, EHHERDED FED FERFZEEEAH o= TOD
EREBENE, 14Xy ORI 5T71—, Sep-Pak C18 cartridgelZ &> THp
DRELE. BoBELLEEESZANT, EAGEROE S FED-1DIEK
FEEMICHTAEEICOVTHERN. EHGEERDESFES OIS FBELT:
EEES%0, 0.3, 1, 3, 10, 30 g BEBEIEE/MLORET, G5 FED-1DTIL
BBICEHINETIERFZETHEZATHES (EH16~18; 30 ugEHEFIRE/mL)
EH(THEHITR ML TG EEMHZ AT

10 EEHEERDE R FESDERFEEEICHITIRBGERDEZE

F2ETHRARESIC, RAGERDES FEDICIITERBEZFEAHo1-. £
DEDZBERNE, (A yO<rI 5T71—, Sep-Pak C18 cartridgelZ&>T
ARSI EHHGERDED FED-1DERFEFTHICETI2RAHERD
HEERARDOIT, TILVEBICLSNBECERFEEHEZETIED(EH16~
18; 30 pgEEEIRE/ML)EO, 1, 3, 10, 30 PG ELEEIRE/MLOE RS EDE
DREELED FED EEICHEHISHML, ERFEEEEFAN:
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1 EREEBRDENICESDE

EHEEREZEMIZKY, 2FE1,000LL TDESFES, 7FE1,000-10,000
DH S FES, 7F=10,000-25,000DE 57 FES-1, 2 F=E25000LL LDOER
FER-2IZHEL, ENENDEDDIERFTEEEEZRT-. TDHEE(Fig. 3-3),
BESFEDEEDFES-1ICIXERFEEEANRDOONA, A FESESH
FED-2(ZFFEFFELGEI ST

2 HBHEERDIEAFEEEEREDHE

EHEERDED FED-1DEMADRINRELEHFEETEOHEBEICONT

AT BN FED-1ZEMICHNLIEE, EQORETLIEFZFEL, LR
BiEMF30 g REFZIBEE/MLTERSIZERY, TNLULERETEEEIXETTS
tam & o7=(Fig. 3-4).

3 EHEERDIEHFEEEIRIFZTHEHADOZE

BMEEERDES FES-1DMERFEEEEREICEABHOBFREAND
=12, 16K BARA/8RFMIE A TO H B TH-REICR R LIEHME S THLEE R
EERIML, Bk, 85 FED-1DERFEFEZEHRAT-. Fig. 3-5[2RLI=KIIS,
B HA LIRS R MV o 12 R E TIXTERREEE (LR O oG otz 148 L

AN ETIERFEEENE LN, 15MAN 24K R DEHNETRE LG
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Fig. 3-3  Flower-inducing activities of fractions separated by dialysis.

The phloem exudate was prepared from cotyledons exposed to a single 16 h dark
period.  Using 30 ug freeze-dry weight mL™ of low (<1,000, LMW), middle
(1,000-10,000, MMW), and 2 high (10,000-25,000, HMW-1 and >25,000, HMW-2)
molecular weight fractions, flower-inducing activity was examined. Control
means without fraction. Means £+ SE, n =13. The same letters represent no

significant difference at P<0.05 level.
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Fig. 3-4  Correlation between flower-inducing activity and concentration of
high molecular weight-1 (molecular weight 10,000 to 25,000, HMW-1) fraction of
phloem exudate (SD-PE).

The phloem exudate was prepared from short day-treated cotyledons (SD-PE).
Various concentrations of HMW-1 fraction of SD-PE as indicated in figure were
added assay medium, and flower-inducing activities were examined. @ FDW

means freeze-dry weight. Means = SE, n = 13.
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Fig.3-5 Effects of various dark periods on the flower-inducing activity of high
molecular weight-1 (molecular weight 10,000 to 25,000, HMW-1) fraction of
phloem exudate (PE).

PE was collected from the cotyledons of seedlings exposed to a single dark
period as indicated in figure. The PE was fractionated by dialysis and
separated low, middle, high-1 and high-2 molecular weight fractions. =~ The 30
ug freeze-dry weight mL™" of HMW-1 fraction was added to assay medium.

Means + SE, n = 13.
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4 SEHEEBRDOERLE

BHDOERFYWELLTIEFV/RVE, DNAYORNALE D%EE, SHEELENE
Zbnd. EHFEEFUERI I FES-1ONENREEZHALHCT L8O
EAFED-1ZEEOER FHESBRERTREL, ERGFEEREEZHRA. 5
S FiE 5 -1%Proteinase KTUELBEDATERFEFIEIZHKLIA, b
F% 3% (DNase, RNase, hemicellulase&pectinase MRS R) TIELTERFEFZEICE
B (31 o1=(Fig. 3-6). £t=, TNENDERDH L INBTIBEREFETS
BT EFEMoT=.

5 HHEERDYT ILEBIZKEHE

RHEERDEDFED-1E7IVEBIAIN 5T4—IZE-THEL, ThE
NOESDIERZEETEHZRAN-. TOHRE, BF16H1RLFENES ROTH
S17&18E M o1=(Fig. 3-7). B 16~18DHFE(TH £%23,000 Dalton& e
Eah1=(Fig. 3-8).

6 EAMERDESD FESDIERFZEFEIIHTIESFESDEZE

FIWEBIARMT ST74—ICEVWTREMFEEEEERLE 16~ 18 AT,
RAGERTPOEDFERFEMEDORBRIMICKIZEIIOVTHELE:. &
BEFERDIED FEIDEZAENE, 1A XYOTNT 5714—, Sep-Pak C18
cartridgelZ&>THEL, 0, 0.3, 1, 3, 10, 30 pg)ﬁ%ﬁﬁ’i@i/mw)%fﬁfﬁﬂﬁ%%
BOBAFED- 1O IVERIATRNT ST4—IZE>THESNIZEH16~18L

[CHEMIHMLT-. TDRER, BEXTFESOARNEIS S FED-1OERFET
M 2228 LT hvo1=(Fig. 3-9).
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Fig. 3-6  Effects of enzyme treatment on flower-inducing activity.

The phloem exudate was prepared from short day-treated cotyledons (SD-PE).
The high molecular weight-1 (molecular weight 10,000 to 25,000, HMW-1) fraction
of SD-PE was treated with proteinase K (Pro K), RNase A, DNase | (each of 10 ug
mL™"), or mixture of hemicellulase and pectinase SE-150 (each of 1 unit, Hemi +
Pec*), and the flower-inducing activity of each treated sample was examined.
Addition means each enzyme was added to the assay medium.  Control means
without any enzymes and/or treated sample.  Addition of the HMW-1 fraction to
the assay medium without treatment was indicated in figure as No
treatment/addition. Means + SE, n = 13. The same letters represent no

significant difference at P<0.05 level.

100



(o]
o

[=2]
o

Plantlets with a terminal flower (%)
X) I
o o

Fraction number

Fig. 3-7  Flower-inducing activities of fractions separated by gel filtration.

The phloem exudate was prepared from short day-treated cotyledons (SD-PE).
The high molecular weight-1 (molecular weight 10,000 to 25,000) fraction of
SD-PE was separated by gel filtration (Sephadex G-50). As the void volume
was 20 mL (fraction 11), flower-inducing activities of fraction 12 to 32 were
examined. Means * SE, n = 13. The same letters represent no significant

difference at P<0.05 level.
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Fig. 3-8 Estimation of molecular weight of fraction 16 to 18 by gel filtration of

Sephadex G-50.

The phloem exudate was prepared from short day-treated cotyledons (SD-PE).
The high molecular weight-1 (molecular weight 10,000 to 25,000) fraction of
SD-PE was separated by gel filtration on Sephadex G-50. As the void volume
(Vo) was 20 mL (fraction 11) determined with Blue Dextran 2,000.  The elution
volume (Ve) of the active fraction (fraction 16 to 18) and maker proteins was

calibrated by measuring the absorbance at 280 nm.
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Fig. 3-9  Correlative effects of low and high molecular weight fraction of phloem

exudate on flower-inducing activity.

The phloem exudate from short day-treated cotyledons (SD-PE) was dialyzed with
3 kinds of dialysis membrane successively, such as molecular weight cut off 1,000,
10,000 and 25,000. The resultant low (less than 1,000, LMW) and high-1
(10,000 to 25,000, HMW-1) fractions were used. The LMW fraction was
partially purified with solvent participation, ion exchange chromatography and
Sep-Pak C18. The active fractions of HMW-1 separated by gel filtration
chromatography (fraction 16 to 18) was added to assay medium (30 ug FDW mL™")
with or without active fraction of LMW at various concentrations as indicated in
figure and flower-inducing activity was examined.  Control means without any
fraction. = FDW means freeze-dry weight. Means + SE, n = 13. The same

letters represent no significant difference at P<0.05 level.
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7 EREEBRDESD FESDIERZEEEICHITIRAGERDEE

FIVEBYIARMT ST74—ICBVWTIERBRELZRLIES16~18Z AT,
RAGERTPOEREEVEDOREFRMIZISEEICOVTREILE:. RAKE
BOED FEDEABENER, (A XH#YOTRI 5T714—, Sep-Pak C18 cartridge
[C&K>THEL, 0, 1, 3, 10, 30 pgEIEFZIRE/MLORET, EHGERDE S
E3- 104 )LEBRYIATNT 5T74—C&>THRONTZEH 16~ 18L H (T H IR
mLf-. ZDOHER, BEGERDES FES-1OERFETEIRAGERDE
DFE S O REHRMIZ&>TREESIN(Fig. 3-10).
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Fig. 3-10  Correlative effects of CL-PE and HMW-1 fraction of SD-PE on

flower-inducing activity.

The phloem exudate from short day-treated cotyledons (SD-PE) was dialyzed with
3 kinds of dialysis membrane successively, such as molecular weight cut off 1,000,
10,000 and 25,000. The resultant high molecular weight-1 (10,000 to 25,000,
HMW-1) fraction was used. The phloem exudate prepared from cotyledons of
seedlings grown under continuous light condition (CL-PE) was partially purified
with dialysis, solvent participation, ion exchange chromatography and Sep-Pak
C18. The active fractions of HMW-1 separated by gel filtration chromatography
(fraction 16 to 18) was added to assay medium (30 ug FDW mL™") with or without
active fraction of CL-PE at various concentrations as indicated in figure and

flower-inducing activity was examined.  Control means without any fraction.
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FDW means freeze-dry weight. Means + SE, n = 13. The same letters

represent no significant difference at P<0.05 level.
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BN FEDERFTEVEDNEFEICIOVTIE, PA/XFIAFEAVTHEREINT:
ZHDIEBEBEEAREZEDISL, FTLEGFHEBESN (Kobayashi et al., 1999), T
DBIEFDEYTHAFTEA N VENTEREZFE T HEMESNTI=(Abe et al,
2005; Wigge et al., 2005). 5 HEM THA A RIZHELTE, FTHRIZV/AVETH
HHA3aZ2 N VEMNRWEZSN, LALENRBENSEBABH T L EAMES
ff=(Tamaki et al., 2007; Mathieu et al., 2007). BI#kICFTHREZ2 /N E A 14
WD <k (Lifschitz et al., 2006), 55 BEMID =R hRFrEhEiEMD (3
D hRF+(Lin et al., 2007), 55 BHEYID =R 7 H 71 st. Violet (Hayama et al.,
2007)FETHRESNTLS.

A3 7Y HAst. Heavenly BluelZH VT, 1EI16EFRIDFERAZE5A-E
$0)¥%75\b¢*ﬁ2bt§'ﬂ'ialf§(%ﬂEﬁ?’ﬁali&)(imﬁ‘z FREELDHY, TOEGRERESE
WICE->THETHESFET1,000LL TDIES FESESFE10,000LL EDF S

B TEEFIBRESN-(F1E). GEGERDOES FESICOVTIEIEIRET
ATz, RETIESFE10,000LL EOE R FIERGZEMEIC DLV THRETLT .

HHEEREZEME>THELER, 2FE1,000LL FTOESFEDERF
£10,000-25,0000 & 5 FE -1 ISR FEFHEN BB SN (Fig. 3-3). EHF
B ZDOWTIEEIETRALEIICEEYE IBEOSVEEOYMETHD. F
=, B1ETIESFE10,000LL LOERIZHIERFZTEPENESEN TSI EERL
f=. 3 FE10,000LL L DE R ZESIZHBR S FE25,000DFEH R TERL, 2FE
10,000-25,000 D E 5 (B 5 FESH-1)E 5 F 825,000 L DESN(EH FEH-2)

BELIZESAERFERD-1ISEENHST-. £IT, @HFES-1ITDLTHEE
L7=. Fig. 3-4IZ7RLF=K3IC, BRFES-1ZRNLI-5E, EORETHIERZSE
BYRHENOEAFED-1IZEERFIEVENEENTNDEZZ 0N 557
FES-1DOERGZEEMEERLEICEZ-BHORBRERANSLE, BENESERH
S1I2BEETILFEREIEOHONT, 156EMNo24RH O EANIE TE 2 FE 5 -1
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DIERFEEFEIIRE ELE-T=(Fig. 3-5). E1ETIH12EBMOEHRESZ-F4E
MoYIYBRLN-EIRFBWERRIGERL-. COZEFESFHEIN12ERE D
BEALEBICE>TEREINSTNE DL, BRFYEX12EFOEENETIIAERS
NEVWATREMZRLTWS. B0 FES-12&5EHEER TUELKER(Fig. 3-6),
Proteinase KTALEL =158 DAHEMRFEFMEITHKL . -T, &0 FES-1
[CEITHERZEMEFTIVNVETHAERDNS. B8R FED- 127 IVIEBIC
EoTHEL-ER(Fig. 3-7), B 16~18THNERFEEMERL, #EIND
S FEZ$923,000 DaltonE RFEH57=(Fig. 3-8). L\NDOMDIEYFEICELNTINFE
TIZHRESNTOWAFTEV NI ERFTHRIZVNVED S FELF-HE£%23,000
DaIton'G‘EEé(Kobayashi et al., 1999; Hayama et al., 2007; Lin et al., 2007)2&H

o, FMEEBERDEDFED-1ICEITHERFEVEIFFTHRELV/NVETHS

AREMAE N ERDbNS. EHGERODESS FES- 107 IILIEBAIATNT 574
—IZBWTERFEEREE RLIZES16~18Z AL, ERFEEEHZET55EAR
EERDESFESEEHEEEEZETOIRBAGERDRIFRMICESEZ
TNENREIL-. TORE, EHGERDES FES ORMTITES16~18D
TERFENRICELIITES BRFERFEVEDTERFEETEICHELGL -
f=(Fig. 3-9). £t-, E RS KO RERMICE>TES16~18DERFENR (L
TEITERHNTI=(Fig. 3-10). FTAU/VEIFXZEIRIZTEWT, EREMBERFOFE
HEFEITLHETEALTLSEZEZ LN TLVS(Abe et al.,, 2005; Wigge et al.,
2005). R ER(EKEEME)NCORGBEOEDH P ICEBNTLLIDME
LSRRI DOVTIE, SREGFLANILTOREDBERESD.

A3 D 7Y HAst. Heavenly Bluel2E T, EBEERPDIERZEYHILIE
NFOYELFTHREZVNNVETHEINLLNGVEST FOMETH =D, £D
TERFEIAN=X LEBRFEICT 5 LIETEG D o=

S#& SHGERCRBGERDESFEIDEFEMEDLEZHEEZHLH
L, ERFEMELIERBEMEDERE -FIEZTL, S6I2, @82 FRERGEEY
BTHAEAS FT HRFV/N\VEZI—FLTWSEGCFEHEBMITILELHD. £
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LT, BAIADT7HHAIZENT, TEAERFD FT HEIZV/NNIEERS FDIE
REEYERUVIEREEMELDOHABIZEST, FDLSIZavko—iLanTLVS
DHOEBRSNZTEIRETHS.
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F1ETIE, EALEELI-E13D 7 A4 (Ipomoea tricolor) st. Heavenly Blue
REDFEIEEBL-EAGERDBABEREIT o T, EAIAVT7HHF st.
Heavenly Blue QIEFRIGICRIZTHEEADEEZRNT-. TDHEE, 16 FFEIDOE
HUEBETRLEWMERRIEDN RSN, RIZ, 18 16 FFEIOREEANELITo-EE
DFEMNERMLI-EBEERZTHRD FE 1,000 £HER 5 F2 10,000 DBHTE
ZHRAVWTERZTFER, 7F= 1,000 LTOESFESESFE 10,000 L E
DEDFESITERFEFENZEDONT -

F1ETRHICTHEONEES FESDDEZTO-. B FESHDIERFE
MEFRIZKRETH - BERFEASEVAORILLEFBRIFILIZE>THET S
ETERBEEEREKEES CEREESN, COERZEDETBENTVVYMETH
BHEZEZLND. KHEERZAA U RIBBIEICL>THEIL-HER, TERFEFER
BAZ o RBEIECRET HEN THRESH, B FESFOEEYME TEMLY
BTHALEDONS. BAAVRBBEBICLSINETEENH OB ESLIC
Sep-Pak C18 cartridge THEILT1=EZE, 20%& 25% A%/ — )L CiaH LB Tk
LEWERZEEENROoNT-. LLOKERN S, EHGERICBITAESFESD
POERFEYVE LRI ZRETCEBEOESVEREOMETHY, BEMEEIZLST

TEREHEE M (X5 3~10 SIEEEMLT-.
E2ETIE, EREBIAT TE CIz/aAU 7Y 4 st. Heavenly Blue EEDFE
WIERL-RBESRERDBIMRRETo1-. RAGEREHRS FE 1,000 &3
Br5>F = 10,000 DEMEZRAVNTENZITOM-HER, 77FE 1,000 LTOESF
B ICTERBEEEENRON, TEREEYEFTSFE 1,000 LTOESFHYET
hd_EhHLmMof-. COREHBEEVEFRICRETHY, /OOKRILLLEFFFHRTTF
WIZEDDEDHRR BELNSVVMETHLEEZAoND. KEEDZAF R
BIEICE>THEY &, TERMAEEMSIIEAF L RIMBAEICRET HE D TR
SN, COEFEEVETIEEEOMETHLIEEDONS. B4 RIEBAEICK
AR ETEENH-I-EH%ES5IZ Sep-Pak C18 cartridge THEILT=&E, 15% 4
R/—ITHEHLE-ES TEBBASEEENEONT-. LEOHEREMNS, RAGER

115



DIEFBEMEIESFE 1,000 LTOESFYETRICKELGBENGSIMER
HOYMETHY, FBEEFRICKYEMEFTEMEILH 10 FIBmMLL-.

EIETIL, EAWNEBLI-EAIVT7YHH st. Heavenly Blue EXDFEMNSE
WML-EHEHERDSFE 10,000 U EDBHRFEDICDOVWTIHAR:. EHEHER
ZHEBR 5 F= 1,000, 10,000, 25,000 DFEMEZANT 4 BFITHEL-HER, &
F= 1,000 LT DIEDFE S ERDF=E 10,000-25,000 DE 73 FE -1 IZTEHKFEE
EUARLON. E3ETHEEAFED-1IIOVTHR:. BHFER-12EMHIC
AIMLT-EE, EQRETLIRERZFE I A EN OB FES-1IZIXTERFEEY
BEAEFENTWSGEZZONS. BRFED-1DTERBEFEEREICSZ -G
DRERERARLE, BEALESHMA L1 2BMFETIEFHEIERHONT, 156
M L24BHOEHLETE S FEM-1DERFETEERES LGS BAF
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